NaVICE:  Wher  (ioverrcaant  or  other  draviegs,  speci¬ 
fications  O’-  other  data  are  used  for  any  porpose 
other  cha:  in  connection  with  a  definitely  related 
^oveiT-hoiat  procurement  operation,  the  li.  S. 
'rovemment  thereby  Incurs  no  respf^UBiVdlity,  nor  any 
obligation  vhatsoeverj  and  the  fact  i.h?t  the  Govern¬ 
ment  may  have  formulated,  furr'sLed,  .  i.j  my  way 
supplied  the  sold  dra^dngs.  '■peclflc^.tt  jns,  or  other 
data  is  not  to  be  r--e'’nled  by  Implioaoion  or  rther- 
wlfic  as  In  any  manner  licensing  the  hc’.fcr  or  any 
other  person  or  coivjoiation,  or  conveying  ony  -rights 
or  Tcnalasion  to  manufacture,  -ase  or  i-ell  any 
patented  Invention  that  may  in  any  vay  ot  related 
thereto. 
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The  book  contelna  concise  InfoztiatloB  (based  on  foralbo  aosi’ces)  on  ttie  pr«« 
pcrties  of  liquid  aetale  used  aa  coolants  in  nucleer  reactors. 

The  topics  discussed  arei  heat  transfer  (In  the  liquid  phase  or  during 
boiling  and  nsatlon) i  th<  interaction  of  liquid  aetsls  with  structural 
iu6tv.rlal3i  aethods  lor  reaorlng  lapurlties  fros  liquid  aetals:  and  the  peculiar* 
Itles  of  <ud  cprratlcc  systeas  with  liquld-aetel  coolants. 

The  Introductlca  deelF  with  the  requireaccta  to  be  aet  by  heat-trensfer  aedla 
used  la  nucleus  reactors  and  with  ways  of  raising  the  efficiency  of  etcmlc  power 
plants  atploylng  llquld«aetel  coolante. 

The  eoncludlog  sections  of  the  book  contain  a  brief  surrey  of  sene  dcmestle 
research  work  on  liquid  actals. 

The  bv^ok  is  Inttuued  for  esglnee  s  <^ed  t'chaleians  la  plants  and  dealgn 
org'-aizstlohs.  Including  those  la  the  ehlp>bnlldlag  industry •  as  well  aa  for 
stuivcta  la  power  esglaecring  and  utrlaa  ecglnterlng  lastltutet  and  tcohsleal 
schools. 


fsOt  la  suiMib 

Xilqulc«Batal  euolaste  find  erar  tacreaslng  aikltestloo  la  the  field  of 
nuclear  aaglaaarlag. 

huBcraus  arUcltt  b'ee  bees  publlehcd  la  fcr*lga  pcxledlesls  aad  aoaoiMphae 
dcslUg  with  audlad  tt  the  prcptrilts  of  llqulwiuttal  conlsaU  aad  of  thslr  asa 
la  suoloar  reactors.  Kany  of  hlwM  farcli^  ttsoarch  popore  t.ul  raaala  aakaaiA 
«a  tha  Sawtah  rcadar. 

It  ceapUUg  Ula  asaaaiayke  hha  aattera  latsadtd  to  glva  c  hrisf  SMoaah  af 
hha  taaalM  aT  tta  aaat  taprcMBh  farati*  vaaaarch  ecadaahad  to  ton  aato  ftolda  at 
•ftltaatlca  «r  llfuldHaiial  cawlaato  to  aarlaar  taalacarlag  (larM  I  aai  n)e 

A  iniitdnnhla  yarhtoa  vt  tot  fwalto  laaearak  data  aa  ll«ili  Mtato  aaa  ha 
taaai  to  tto  tte^ts  iiaeai|  yafcItJtod  la  too  OBi*  itoaaaar  tkto  ■natjwto 


i 


cltea  ao  reference  for  ptqrslcal  eonatanta  and  ether  qnantltlaa,  they  have  haaa 
taken  froa  this  particular  handbook* 

The  Introduction  provldea  a  brief  awney  of  the  present  state  of  nuelear 
engineering  and  diecuasea  the  adTantages  and  ahortecnlngs  of  the  liquid>a>e tel 
coolants  as  compared  with  othrr  ncit-tranafer  madia  used  la  nuclear  power  plants. 

Tart  III  contains  a  brief  eureey  cf  ease  Soviet  research  in  the  fiald  of 
llquid>ffl«tal  coolants.  A  full  account  of  the  dcmeetlc  research  In  thie  field 
would  require  a  special  monograph. 

The  euthcra  wish  ro  expreea  their  eretituda  to  Frofe?sars,  Coetors  of  Tseh» 
nieal  Scieneea*  A.  F.  Alabyehee  and  A*  V.  Al'kir  Ich*  for  their  velusbla  sAtIm 
upon  rosdici^  the  oanuacrlpt*  as  veil  as  to  K.  N*  YeedokiBora  toe  teehniesl  aMis> 
tance  in  preparing  the  illvvstretloaa* 

the  authors  would  eppieeiate  all  critical  rsBsrks  and  augieatloBB  whiek  aagr 
prove  ueeful  for  further  iairovestav  of  vaelr  bees* 
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The  Koat  Importaat  Ll«uld>MaUl  Ceelrata 
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iBtTQitnetloB 


Technological  progroaa  In  nuclear  ea^lnaarlng  dopande  on  the  rallabla  parfw^ 
nance  and  the  efficiency  of  jeactora  and  power  ayataaa.  The  parfozaanco  and  aftl* 
eieucy  characteriatica  of  atonic  pcvar  aquiinant  arc  datanclned  to  a  eoaaidarahlo 
eiteat  hy  the  choice  of  eoolant«  vhieh  influence*  the  dealgs  of  the  reaotcr  tto 
power  syateK  and  ef facta  their  technological  and  eeoacnlc  iadtcoo* 

An  Ideal  coolant  ®uat  hava  high  ayettiric  heat  and  thanaal  coadiwtlvlljft  1m 
tieccnitfe  and  negllglhlo  neutron  captora  croaa  aaetloa{  it  auat  bt  ny 

atablt  is  tho  ^aratlng  tet^^ersturo  ranga  whan  acted  upon  hjf  neutron  ftnldt*  and 
the  roenltlSu  rrdl  'cetlvlty  euat  ho  weak  and  of  abort  dumtlcn*  The 
ha  ehenlcally  Innchlvt  with  rerpact  to  the  reactor  eaaaal  nad  to  the  ftanllo 
’’^terlel  or  the  shtathitg  of  the  lieat''gene;.’«itiiig  unite |  iho  ‘oolant  t^nculd  not  hn 
a  tutorial  which  la  aearen* 

None  of  the  ceolanU  prcnoatlp  «aed  iteeta  nil  vhta*  regulrcMotn.  Ill 
ir  ji  an  atoBlc  rcactcre  It  hecoaea  neeanaary  tc  cooprcnlM  hy  aoleotlaf  thn  oneUat 
Oft  tho  tula  of  tht  particular  adne«lat<ia  *»  to  offw* 

fit  eunpltt  la  ealechiti^  rater  for  the  coolant  and  aeutron  aederntev  In  n 
witcr-Bodernted  wtcr^conled  ructor*  «u  in  inflnnecd  tgr  tht  rcUtito  uni^tlMon 
ce  the  reutar,  hy  thn  wltaltH  ntnilahUlir  nf  nntar  and  iu  1m  cm»,  cmb  !»• 
cladUd  ^  coat  of  ahantonl  dnanlhtas,  and  ^  tha  favonhln  hanh»«nMf«r  ^n> 
Mtorfinttnte 

M  the  MM  Um*  tha  diM^noko  of  aotor  oo  o  ooolont  o§Mh  natoao  tto  hoa^ 
oalofUai  Old  otootnio  ontoa  of  ma  Mi-op.  hon  In  hha  Im  hoUlH  af  wtana 
a  yronanra  of  ohMt  100  olnoa  oha  omi  ho  Mlntolnad  In  tto  ootool  mm  nO  lOo 
anioroM  ainaaaoaana  of  tko  ooolanh  at  tha  rcutar  oo^t  (ohooh  300%)#  Ito  Ian 

haaforotora  af  Mlar  laai*la«  tia  toMun  looda  aa  IM  inaowa  Ml  Oa^aMlMM  af 

Ma  aaei—  f**m V  ‘Tt  ft  a  nrHi  It  ino  afnalaiar  f» 
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tb*  UAlt, 


The  hlgli  w«t«r  ^essiire  requires  lueresslae  th*  thickness  of  the  resetor 
▼es^el,  bad  rei<ulu  la  iccreaaed  welc,ht,  weiau  ucdeslrshle  la  ^cptlsloB  power 
plants.  A  rapture  In  -'•;.asel  of  such  •  reactor  b.::s  serious  ceesequeacea •  w 
large  sncuats  of  a 'tire  water  turn  into  steam,  vhlrh  suhsequentlj)  coadeaees  over 
ettenslTs  areas.  This  dsr.ger  Is  cc:telucraol7  greater  In  the  ease  of  boBCgeaer 
recetors.  where  the  squecus  fuel  r.alutloa  carries  fission  tro^uoth* 

rsdiolptie  oisseeietioe  of  water  followed  reenahlastloa  of  h*drogea  sw 
egqrcth  .xolecules  requires  |c«tTl.-.loiM  for  remo-al  of  the  exploaies  slsture. 
errrotles  properties  it  HS*cr  msis  It  hees^tssxy  to  lice  the  reactor  eesrel  y-  : 
stalaleaa  steel. 

As  coolfthts,  or.>iate  ccmvMuuis  bees  a  etimher  cf  <d*setkges  tret  >  '>tert  • 
higher  holiihC  peiat  at  stmaspherio  breasure  ead  relatteely  iow  eepor  prsssttr*  ai 
ubieh  lotters  tha  requlraMalc  for  the  reactor  rsbssK  Jtte  to  ircadta* 
tloa  ta  the  .■a<i.«atiee  ocre.  heeever.  ec^le  ;oclKat«  polpasriaatlea 

fhllovsd  l|r  oheafoo  la  soas  «f  tholr  {hirsteel  prs.ertlrs.  ead  at  hlffetr  tsap«r> 
Sturts  ;h«t)  coupouada  uhdtrco  theRsal  dtasoclatue.  tiwcseai  of  poljiMrIaatlsa 
produeta  req«.w;s  addlUoeai  faetiltlee.  which  cotpllcste  eparetloa  cf  tte  wit. 

The  liqaidHMtal  eoelactc  hc*e  a  hieJh  kctllsg  polat  cesa  at  sMsrbsrU 
presmrt.  Thaa  tta  hoUiac  poiat  of  soaiun  la  Thta  aakea  is  t<uaalhl*»  la 

tat  stceadaiy  ciroalt  of  tha  ataadt  roatior.  «•  woiaia  hlsh*t«aparat«re  ^ip- 
pruaars  atoaa  or  hlch-tMjtsrstwo  pa  uadar  ottroa.UM  praaaara.  Aa  a  fOMilSe 
hath  atoM^Su.'ataa  aai  pa-i«rUat  ancltar  pcuor  pisata  alU  Itpidiartat  aaalai 
mttars  aaa  lava  Up  Uflalaav# 

at  tta  proa  sat  tiaa*  ltf«M  Mtala  appaar  tt  ta  laa  «ap  pasalMa  Molwta 
fgr  laatiaaasrua  tsattws,  aa  tta  aaa  af  paaa  ta  araludad  d«a  »•  tta  tapaaltlU^ 
of  attalalH  aumataatljr  latasiatfa  Uat  aaaasai  ttm  a  «al«M  ar  aaeftaae  aai  tta 
aaa  of  aatar  ta  aat  paaattlt  daa  tt  Ita  MdaMUat  aatlaa# 


X\  th«  iMBw  tlisc,  the  liquid  haiT«  thalr  drawbaeksi  they  lateraet 

chemically  with  water]  aodium  end  iiotassiusi  are  Inf lamaiahle t  mercury  la  toxic  and 
haa  a  high  themal -neutron  capture  eroaa  aection;  it  requires  a  large  amount  'f 
energy  to  circulate  lead  and  blsaitth;  end  eo  t'orih* 

Soleetlon  of  corroalon-reolatant  atructurel  Deterlalu  md  piot-etlon  of  tho 
coolant  from  oxidation  are  the  most  important  engineering  problama  enecunterod  in 
designing  liquid-metal  syatema. 

.0  will  be  shown  below,  the  most  poroalalng  coolants  for  increaalng  the  offl* 
cleccy  of  ataiic  reactors  ere  liquid  metaia  auv  .  <.??.  This  permits  ovarlcoklng 
the  shortcomings  of  liquid-metal  coolants*  The  liquld-mettl  coolcnts  can  ht  used 
to  especial  e-l^nutagf  in  ff>«t  -sj  lniur::.«'ilete  neutron  units  ss  well  as  In  llquld- 
zetal-fucl  reactors. 

The  following  brief  tttrTey  of  the  dsetiojnsnt  trtnds  if  staaie  possr  ss§in«Nr<- 
ing  and  of  the  Inycuts  and  designs  of  statlohsry  sad  propulsion  nuelssr  pwsr 
plants  serves  to  le-onatrste  the  impertsaes  sad  the  teehnoloeieal  snd  teoacait 
sdTsntages,  as  .sll  as  specific  drsvbnciie.  of  resetora  taployiag  llquid-actal 
cools a ta. 


1.  AtoBlc  glsetrle-Bcwsr  Ststlona 

Ccratruetioa  Flsnnlnn*  By  the  ysar  2000*  ths  world  output  of  olMtrlo  poiwr 
is  szpsetsd  to  tnorsaso  4  t«  5  tiMS  oboes  tbs  Iteel  of  uboi  olootrio»f"wtv 
output  reoehsd  1*500  billion  kw-hro*  Tbo  produottoa  of  (»000  billioii  kv-hn  • 
year  will  rtquirt  •  yearly  eoasuupticu  of  about  2*200  alUto*  toao  of  roforoMO 
fuole 

Been  at  prosoat*  in  Mot  eeustrlM  rtpuMiw  of  •lt«trlt-pemr  productlou  Is 
lUitsd  tgr  on  lasdovioM  ruto  of  stss  do*ole|ssst  sad  by  too  oIm  os  tsorosM  U 

eosl  output.  Tbs  world  rooourooo  of  srsbils  ^lo1  aro  lUAtod  and  sMusba  Is  bass 
of  raforoaao  fuol*  boi 


icryjs** 


ITT— !P— 


M 

■» 

/* 


O"  O  '  >4 


Co«l  . .  2.t»10^* 

cii  . 0.27*10^* 

Naturftl  gac<  .  ...........  0.02*10^^ 

Tom,  2,89*io“ 

Ttie  reaourc«s  of  nucloav  fuel  er>  eetlneted,  lit  teruv  of  refereae*  fuol  (la 
toaa).  «tt 

T'rt'.nlua  •...•••.•••.*••>4 

Thorium  . 2.S*10^^ 

TOTAL  64‘10^* 

Touii,  tfc  reserves  of  ouclaar  oxoeed  thoc*  of  orgaaie  fuel  by  22  tlaM. 
Pre.^?ot>day  tyy«a  of  reeetors  do  not  (emit  a  high  degree  of  ui'aalua  buraup  aai 
can  i.tlU.'c  v>.l;  R  sull  jcrtlon  of  the  heat  e^ulTalant  of  the  available  uraalw 
cr.d  thorluii.  Caly  af  itr  the  e.  eterlao  of  cco^roUtd  tbamoRuclear  reuctora  will 
to-^er  r>'dourc«a  become  ualU  UeU  Ulwa  the  abOTe>:>eBtloaad  dlffUulttee  of  la* 
eretolsg  the  output  of  crghalc  fuel*  however*  cueltar  fuel  le»  fur  the  tUe  bela^i, 
the  role  b«  .^4  f  rooting  the  output  of  eleetrle  pt««r  la  a  auaber  of  eouatrlaa4 
Cae  of  these  cuoatrlea  le  Britain,  where  It  U  plMu.ed  to  relae  the  output  of 
atoale  elcetrle'pc^ver  atatloaa  to  h  Billion  kw  by  1965>  tod  to  nlllloa  k»  by 


aweoaaful  >e’-.’%lca  aiaea  Jama.  l«h. 

Ah  tha  VorM  Syapoalua  aa  Bcwar  Baaouraaa  la  Baliyada  (la  1(57)*  hha  Baatah 
Aalatahtaa  raporhoA  on  «m  piaaa  far  AaealopBoah  of  ahoala  powar  la  tha  Sewtat 
Palaa.  Tha  powar  raaearaaa  of  tha  OSSI  ara  oatlaataA  la  hlUiaae  of  toaa  of  so* 
faraaaa  ^laI  at  follawai 

Coal . Iffe* 

Nat  . .  »•• 


iel/55k 
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Sbal* . .  S.7S 

TOTAL  2?5.S5 

Ineludlnji  th«  arallable  power  ot  large  rivers •  the  total  power  resoureea 
amount  to  6;c;5*95  ^Hllon  tons  ot  reference  fnali  not  cocslderlag  the  reserras  of 
oil  and  natural  ^as. 

The  atomic  elc3trlc>power  stations  which  we  plan  to  oonstniet  la  the  near 
future  will  be  equipped  with  reactors  produclacE  up  to  20()«2X0  thousand  k»  of 
clojirlc  power.  Thus,  one  of  the  electrAO  power  stations  under  construetioa  will 
have  two  210  tUousarid«}.w  reactors,  each  providing  heat  for  the  operation  of  three 
7C  thcassnd>kw  atcnia  turbines,  ^vj^other  alectric>pov«>r  station  will  hsve  two  rs* 
aetort  for  the  operation  of  atciUu  turhlnsa  with  total  power  out^t  of  (tOO  ^hoc’and 
kw*  Ve  pl3i.  to  ccnstniot  four  experimental  raaetora  of  j  to  50  thoasaaA>kw 
etpaeitja 

Operatiou  vi  thate  larga  atooie  ale«trie>jawer  atatioaa  and  axperlaantal  rt* 
eetera  will  provldt  a  heals  for  saleeting  tha  sent  raliabla  and  aeonoaital  tppaa 
ef  re>stor  pw.ar  flsnu  for  further  davalopitcnt  of  atonio  power  is  the  OSSR* 

The  aoat  of  one  kilowatt-hour  of  elaatrie  twruf  will  ha  lower  at  tha  atoiia 
aleatria-pewar  auttoaa  than  at  atationa  uaiac  aoal. 

At  tka  praaant  tlaa«  tha  first  aaatlaa  af  tha  two-raaetar  Caldar  Ball  atatiOB 
predueiat  98  thmiaand  kw  la  in  oparatioa  la  praat  Brlula. 

Swau  lartar  alaatrU>pewar  atatlaus  art  halBA  huUt*  Caaatruatiau  af  two 
300  tkiuaaaf-kw  atoalt  alaatrta-powar  atatlaaa  haa  raaaatlr  Oaau  anvovaie 

At  Beuaraap  (Saetlaai).  aaMtruatiea  la  aew  haiat  acaplata*  aa  aa  ataaia 
alaatrie-yawar  atattaa  with  aa  aipartMatal  fkat-aeutrea  raaatar  havtag  a  <0  tfeaa> 
aaad^  kaat  eu^t*  Tha  aaolaat  la  aaAiiai  witk  a  aaall  aaeuat  af  petaaaitB  aifaf 
ta  rafaaa  tka  aalUlfiaatSaa  taaparatwra*  Ika  aara  af  tka  raaetor  it  a  la 
diaawtar  aal  0.4  a  klgk*  Twaa^  paiallal  la^  af  tka  prlaaiy-alraalt  kaat  aa* 
raaata  kaat  fraa  tka  aara*  aai  faar  atiHr  loapa  iraa  tka  klaakat*  iMa 
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the  eoclant  of  tho  secondary  circuit  (Ns  or  NaliL)^  heat  Is  transferred  to  a  steaa 
generator  fe^'dlng  a  turbine.  The  high  temperature  of  the  sodium  malntalna  as 
efficient  superheetcd-stvaai  cycle* 


Is  fast-svutron  reactors  ulth  a  sinel}  core,  high  heat>transfer  efficiency  is 
uuoesoary.  A  reactor  of  this  type  dcea  not  require  a  large  excess  reactlTity  (X 
to  as  against  9  ^  1a  water>ffloderated  reactors).  There  exists  e  denger 
that  the  I'eactcr  may  explode  In  the  event  ot‘  e  ceding  syatem  malfunetlon  panslt- 
tlng  molten  uranium  to  aeoumulate  Is  the  vessel  In  en  asiciu^t  exceeding  the  criti¬ 
cal  mass.  To  prevent  danger  from  sodium  leeka*  the  reactor  unit  Is  contained  ia> 
aide  a  ataal  aphora* 

According  to  Britlah  soureca*  the  production  coat  of  one  kilowatt-hour  de¬ 
livered  by  atoaia  eleetrlo  power  statioca  la  ccmpt'laed  of  the  following  itauat 
CepraoiatioB  coat  (3i  for  20  ytara) 

Coat  of  tha  Initial  uranium  eharga 
Xxpanditures  for  raplaaaaiaat  of 
buratup  urenlum  (2*000  peuada 
ttatling/kllocraa) 

Oraratii.g  aspaaaea 

TOTAl, 

It  ctada  trm  plutoalta  hrad 

Nat  Coat 

At  aoa'-firtd  alaatrlo-power  sutioaa  ic  Britaia*  tha  prodtwtioa  aoat  of  oaa 
kilouatt-hour  U  aloaa  "t  0*7  foaaa* 

Xt  ia  aapaatat  that  '*ha  aoat  aT  1  kw-hr  at  aoal-Pirtd  alaaU*la»p«war  aUtIcaa 
will  kaap  taoraaalat  a.4  tilli  raaahi  ta  19|0«  0*iT  p«aaa»  ia  1960e  O*?)  pMwai 
ia  1990*  0.C4  paaaa* 

Ceaveraalpt  the  oAuattaa  aoat  af  X  ku-hr  at  atoaie  alaatria-pouar  atatioaa 
will  fall  frea  yaar  ta  y  •art 
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0*37  paaaaAilowatt-hour 
0.0&  • 


0.24  • 

JUPi _ _ 

0*73  ptAC«/kilevatt-ho«r 

AQZ _ J! _ 

0»M  peaetAU«watt>4aw 


Oanporient  coats  of  1  Icw-hr 

(in  p«ncs} 

Tear 

i960 

1970 

i960 

1930 

Cepreeiatiou  cost 

0.37 

0.30 

0.26 

0.22 

Cost  df  uraoluB  ebarga 

0.0b 

0.04 

0.P3 

0.02 

Exi'cndlturcs  for  rsplaceasat 

of  huratup  uraniua 

0.24 

0.13 

0.08 

C.06 

Cperatlitg  expenses 

0.06 

0.Q3 

0.04 

0.03 

TOfiL 

0.73 

0*52 

0.41 

003 

Froeeeds  froa  plutcniw  bred 

•0.07 

•C  *15 

-0.03 

•0.01 

Met  Coet 

0.66 

0.47 

o*3> 

00* 

Th«  atcr«  **«<jucticQ  la  kv«hr  coat  at  atoaio  alaetrle  i«%ar  atatiaas  will  M 
Achieved  ty  rcd':cie>7  the  eott  of  «<iuliAaBt  aad  of  uraaliHU 

la  th*  V^i  :oaotru«tloB  of  atcale  alaatrta^ycvar  aiatloaa  la  aipaatai  la 
rtaah  a  t<t*l  of  I  ellltoa  kilewitta  tgr  IJiS*  tnm  5  4  ■IlUaa  kllMatts  hr 

194$*  aa^  tr«»  jC  to  7$  •IHtaa  kllovatta  hy  1975l  *4ta  la  to  4#  oakltvaA  hy 
yattlac  la  aanlea  6  to  U  ■illloa  kllaeiatu  avacy  yaar*  tka  firat  DBO  atoaia 
alaatola-powt*  atatleat  tha  M  thaaMad-hw  atattoa  at  Sklyylafipart*  waa  iwt  lata 
aarrtaa  ta  19S6.  Zu  naatar  kad  raaakad  arttlaallty  la  raaaikart  l%7» 

Za  IkIMt*  atcala  altetrla-paMor  atattaaa  will  yredaaa  ISrlSX  ^  alaatHa 
yawar  ty  IfS*  Tka  fiaat  ataala  alaatrU-yawar  alatlaat  at  Mafoaola*  will  kata 
aa  eatyat  of  30  ttaaaaaa  kw,  aai  tha  aaaoaO*  at  Totaa*  aa  aatyat  aO  40  tknaaaaO 
kw.  latar  aa»  aat  ataala  alaatrla>yowar  atattoa  will  ka  ylaaai  to  aarvtoa  aaak 
yaar*  aai  tka  aayaalty  of  thaaa  alattoaa  will  ha  graOaally  toaraaaaO* 

40* 
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In  the  Federal  riapuMle  f  Geraam.  3  to  4  ntcKlo  eleotrloopooor  ntotioao 
with  a  total  ^OO  thousar.d'kv  capacity  ara  to  ba  built  by  1965* 

In  Sweden,  two  atoalc  electric«power  atatlona*  *A>ian*»  with  a  6c  thouaaadokw 
heat  output,  and  with  t  100  tho»saad-irw  output  ot  alae\trle  power*  ara  to  ba 

jcusU'uoted  by  lyoO.  the  output  of  the  atcale  electrle^powc^r  atationa  la  azpactad 
to  reach  ?00  to  1,000  thousand  Kw  by  lS^i>*  y  U>  b  alllion  kw  by  197t>t  and  4  to  12 
million  kw  by  19?i.  Tha  coat  of  aleotrla  power  at  tha  atuble  atatlona  will  ba 
half  aa  siueh  an  at  the  coal«plaata  and  will  b*  equal  to  that  at  hydratilla  alactrla* 
power  atatloaa* 

Norv-^v.  Finland,  and  Ee.^/i.*rk.  tciathar  with  Siwdea.  plan  to  build  ataala 
elect.'ie>power  atettoea.  la  Kcrwuy  and  Finland,  raaetora  will  ba  built  to  pro¬ 
duct  Btaasi  for  indua  trial  purpoaao* 

la  Eti-ciuc,.  it  la  planned  to  eonatruet  la  1962-1967  four  atcalo  alaatrlo- 
povar  atatloui  with  o  eomblnad  output  of  306-600  thounaad  kwi  th«;ea  atatlona  wlU 
produce  13X  cf  tha  toul  output  of  alactrta  poinr* 

In  .  vltaarland.  laaia.  and  ether  iurepeaa  ecwntrlaa,  pl-na  art  elao  botag 
7A4«  for  eonatruetloa  cf  <«l«s,lc  olaetrlo-pcwar  otottoao* 

lo  Britain.  Janaa  baa  ordarod  t«ulpBMit  for  o  Coldor  Ibll-typo  otcalo  olooMo- 
power  atatloo  wltt  a  Uv  tacuaaad-few  aopoaity  aid  in  tba  OU*  afoiiawt  fw  • 
Sblrolncpert-^po  ataUeu  with  a  134  tbauaaad-few  aopaoitf*  laootar  deotpo  of 
doMotlo  ^  oro  «MMkr  doetloiBoot*  ip  19^*  Iho  outyot  of  otodo  olootrto  ptwor 
otatlocB  la  anpaotad  to  reooi  450  tboiioaii  kr* 

SMUkf  fltta  art  bolac  aodo  to  aot  Into  operotloo  on  otoito  olootrto  §mm 
otatloo  with  a  10-2C  tkooaooi-lw  oopoollr*  wikiob  lo  lotor  to  bo  Introoood  to  lOO 
-*1 — hr*  %  193*  tho  otoirto  olootrlo-powor  otottoao  oro  oiyaotoi  to  frodoii 
ISt  of  thi  total  ontyut  of  olootrto  yorira 

ilitH  Bf  llntf'  |»— tala  iBMar  Otatlaaa,  Tbo  Ataota  llo«trto-i«MP 
Statloo  of  tho  deoiiolQf  of  Sotaaaoo  of  tho  OSaR  lo  otolpR  d  with  o  thoiool  wronlM 

•U- 


graphite  reactor  which  la  wstar-eeoled  uadar  a  pgraaattra  of  100  ataee  aha.  Tha 
heat  azchaogr^a  produce  ateas  rcnpraaaad  to  12^  ataoa  aha  at  268^.  The  fital 
used  la  urenlua  aarlehad  to  0^^* 

Zb  Sapteabar.lSQS,  oparatloa  bacan  of  the  flrat  aaotloa  of  tha  aaeood  Soalat 
atrale  alaetrle-powar  atatloa.  with  a  capacity  of  100  Mw.  Ita  full  capacity  will 
ha  6oi  MWi  which  naaaa  that  thla  will  be  tha  largaat  of  tha  atcaie  elechrlc>powcr 
atatloaa  piaacatly  uudar  uonatructloB  throughout  the  world.  The  atatloa  la 
pad  with  tharcal  gt'aphltcaodcratad  watar>coolad  raaetora. 

Tha  420«Kw  alaetrlc>powar  atatloa  uadar  coaatructloa  will  ha  aoalppcd  with 
two  raaetora  with  aa  alaotrle  output  of  210  Nw  oaeh.  A  haat  flow  dlagtaa  of  CM 
of  the  ualta  of  the  clcetrlc-powcr  atctlca  la  ahowa  la  fig.  1.  Tha  heat  cutfat 
of  tha  reactor  la  7^0  Me.  hater  la  paaaad  through  tho  roaeter  at  a  rata  of  31J00 
e3/hr  uadar  a  praaaura  of  !(;$  ataoa  aba  at  aa  lalat  taaparatura  af  aad  aa 
outlat  taaparatura  of  27S%.  Tic  wator  la  dclltarcd  fey  aU  elroulatlag  puepa  ef 
tha  glaadlaaa  typa. 


J 


ritt*  1*  Mm%  flcM  of  •  of  U»  4aO-M» 

•Uate  tlMtrio-powor  oUiUoB* 

1-  rooetort  3*  •«•••  coMtoiori  3-  voIhm  eoR^oaMiori 
4-  elrtttlotUc  P»Pt  5*  «iMlof  v«avt  i»  *Um  twMMi 
7-  aotaturt  tojonieri  t-  otoaa  fw  tti  Motor  too  tori 
9-  ocadoMtri  10*  ooodcoMto  yuMi  U*  rtcwmUvo 
tootoni  13-  foto  pimfi  13»  OtoorotoTk 
Am  To  Motor  forlftwi  3-  Ire*  votor  rorlf«ort  6*  llo 
N«t  tm  iatre«oot  ^  4  s  830  toooyiri  T>  89  otooo  ato 
at  331^1  0-  U^prooauro  oyotoi  ■-  lor-froMMao  tooloi 
7-  3  1  70  N»i  7*  4  B  300  a^Ari  to  4  b  390  i?/toi 
to  30  Otooo  otoi  M-  I  B  3Q0  o?/toi  to  143  otooo  Oto 
ot  394^ 
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F^'wq  en' a  cf  the  reactors,  vator  heated  to  273^0  is  dellrered  to  six  stoai. 
c;erc>.-.it6r8,  eiach  of  which  frodu'*es  dry  saturated  steam  ccmprossed  to  3®  atmos  abs 
;ii  at  a  rato  of  230  tono  per  hour.  The  a  team  genera  tors  are  of  the  hort~ 

typ;  ,1th  J-shaped  tubea.  Each  two  steam  ^eaeratora  supply  steam  for  a 
iwc-r  mlng  ?C-ysf  hurblna  with  Intermediate  steam  separation  between  the  high¬ 
er- liaur*.-  and  the  low-presaure  sections, 

A  cross  section  of  the  reactor  of  this  station  Is  shown  in  Fig.  2.  The 
urnuit'm  dioxide  livut-gen^jratlng  elements  are  located  within  a  cora  3  ®  diameter 
and  2,5  m  high.  The  replacement  bnaJtet  houses  349  hexahedral  fuel  tubes  arranged 
Id  a  trlangtilar  lattice  with  147-=3j  spacing.  The  3.2>si  long  tubes  are  made  from 
2-^-a  thick  zirconium  tubing;  the  hexahedron  is  Inscribed  in  a  circle  I63  *■>  ^ 
diameter. 


Fig.  2.  Fressurized-water  reactor* 

1«  voter  Inletf  2-  water  outlet!  3*  raplboemeiit  baalrati 
4-  fuel  element  tuTwsi  5"  hoHovi  $•  oompenaatlBC 

tubea* 
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Th'  reader  ve-ael  is  3,8  a  la  illanater  and  about  a  and  la  100  tm 

thick  in  Ita  lever  aackr  ^  and  l&o  tea  thick  In  Ita  upper  8aetioa«  vMch  la  eorerad 
with  e  roiLw'>.^le  flut>  lid.  The  veaael  la  arda  of  aedlua>ceQperature  ateal  with  a 
yield  poliit  of  50  at  325®C.  The  weight  of  the  Tesoal  without  the  lid  la 

170  toaa;  the  total  weight  of  the  dry  reactor  la  ij20  tona. 

...c  uranlua  charge  cuayi'^ta  of  i?  toca  of  natural  uranlua  dioxide  and  2^  tooa 
cf  ura:-iuiu  ulvi-rldc  enr’.ched  to  1.3S*  Tha  veaael  la  protec-tei  fraa  the  action  of 
r,r;i,tro'‘(  ’7  *»  steel  shield  2;0  to  9^^  m  thick  and  a  layer  of  water  'iOO  tsa  thick* 

The  reactor  la  controlled  by  ahlA  tuboo  containing  a  neutron-absorbia^ 
uatorial.  Tccre  are  six  scram  tuboa  and  two  autccatle  control  rode* 

Steam  entera  the  turbine  under  a  praanura  of  29  at;L03  aba  and,  before  enter¬ 
ing  the  Icv-proasuro  cycle  at  2.2  ados  aha*  la  deasicated  in  a  louTar-type 
separator. 

The  over-all  efficiency  of  the  atatlon  la  27 .5»*  The  operating  eleetrle- 
pover  consumption  is  7*43^*  The  station  is  expected  to  be  put  into  serriea  in 
i960. 

A  second  largo  atomic  oleetric-power  atatlon  (400  ^^l)  will  hare  a  uranius- 
graphite  reactor.  Veter  heated  In  the  reactor  will  transfer  heat  is  a  ateaa 
generntor  prsduelng  steam  at  a  preasiir*  of  90  atmoa  abs.  Subsequently,  the  steam 
trill  he  superheated  to  300*’C  In  special  channels  within  the  reactor*  Tha  statiem 
will  be  equipped  with  100-I4w  turbines  set  to  operate  at  300^  on  standard  ataam 
under  a  pressure  of  90  staos  abs.  The  fuel  charge  will  consist  of  I83  tons  of 
uranium  enriched  to  1,2X* 

Construction  Is  also  planned  for  four  cxperiaentel  reactors  including  a 
boiling  reactor  with  a  300-Hw  heat  output,  supplying  steam  for  a  30-Ms  turbine, 

X  projected  graphits-aodereted  liquid-sod lum-eooled  reactor  will  bawo  m  I30 
to  180-Mw  heat  output.  The  beet  exebaager  of  tha  tertiary  elreult  suppllea  ateam 
under  100  ataos  abs  at  300-310^»  which  is  delivered  to  a  30-lir  turbine, 

-\5- 


Ar.! f  .er  exp-riiaental  I'oactor  will  h/.Ta  a  200-^V  heat  output  and  will  cpersta 
lu  wi'.h  breedlotj;  of  la /roa  U'-'”.  'fht  nteaxa  ulll  ba  uned  for  a 

y.  *-1  ■  rolD'j,  The  coolfiut  la  uodlvuo*  la©  heat  excfv*:i£ar  vill  prcJuca  ataaa  at 
SCC'^C  ui)-!er  a  pri-i-.-uxe  of  ®0  atmoa  aba* 

.aa  fourth  rem  tor  la  cf  the  hoao($eaecu3  type.  HenTy  water  will  serve  as 
scoderator,  red  s  heavy-wutcr  solution  of  uranium  salts  or  a  suspension  of  uranltsa 
t-.-iium  po.dera  will  be  uead  for  fuel.  will  he  used  for  breeciag  0^3, 

The  heat  output  of  the  reactor  will  lie  between  25  ®bd  35  Mw. 

TLe  riiiit  British  atcciic  electric-power  station*  Caider  Hall,  uses  graph! tc- 
x:.oderated  CC2-.'ooled  vxaniua  reactors  with  a  heat  output  of  l&C  Kw. 

The  graphite  stacklug  of  the  reactor  Is  built  in  the  shape  of  a  2lt-face  prisa 
11. C'  ^  acreso,  8.23  ^  bigh.  and  weighing  l*llt6  to~n.  It  accoaaiodates  1*69^  verti¬ 
cal  iutil  channela  in  groups  of  aizteen.  The  graphite  stack  ia  placed  within  a 
etcul  Jacket  with  holes  through  which  tekea  place  circulation  of  0.5X  of  the  CO2 
used  in  the  cooling  of  the  steel  csss. 

Fuel  reds  cf  sat<xr<tl  uranium*  1*020  szo  long  and  29*2  os  in  diameter*  are 
sheathed  in  inagnesiiim -alley  casings  provided  with  transverse  fins  to  fseilitate 
heat  exchange.  The  thermal  shield,  consiating  of  steel  plates*  is  102  ns  thicki 
the  biological  shield*  made  of  concrete*  ia  2.1J)  m  thick. 


mel-r5** 
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rtC*  3*  flew  of  tbo  CoM«r  Hill  Ateol*  ll««trto 

iowor  Stailoi* 

)•  r«i««ori  2-  CO}  oitottottri  3>  CO}  oihMOt  yt9*l 
4*  fllur  for  tbt  CO}  Mfeouot  diirU*  •IkiMomi  5*  Ooot 
ostteoion  (•  roltof  voXfoi  ?•  torOloo  fOMtotari 
8-  oooOooMri  0>  coodoiMto  yiMti  10>  dMonlori 
U*  otaoiXT  toadwoori  U>  fMO  fiavi  23*  lIvitA^O} 
taak  ooi  ooptrlMTi  U»  c/  ■  Moiiori  fUtor 
for  roitoMUwo  waMm* 

A-  160  Nri  •-  130  l«M/kr»  C>  3*47  otMO  olo  •«  &7l*Bt 
D>  45  oouAri  I*  140  *80  0%  319^1  ^  41^ 

urtroort  oiroloi  0*  Im  iriiiwgi  •ytloi  ■>  OOOO  Ian 
X>  O.0S5  slot  ummrn 
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Tbe  hMt'flcw  dl*gn*  of  tho  Coldor  ttill  oiotle  olootrlc^powor  statlea  1* 
ahova  la  Tls*  3* 

Carboa  dioxide  la  dellTerad  to  tho  roaetor  with  tho  aid  of  four  gaa  hlowon 
with  a  ca;«city  of  ??7  k£/'a«e.  operated  through  a  lt542>hp  drive*  Tha  blcwar 
abaft  Ik  ateled  by  a  flcatioti  riit^p  cootactin^  the  butt  surfaoa  of  a  slaawa  cb  tha 
drlTt  shafts  the  certact  >.-»fao«  la  eoBtlaucualy  ollad* 

Prm  tta  reactor,  tba  CO2  fiM  la  dcliwered  to  four  beat  axehaacara  aacaaad  la 
bouainss  :3.6  a  tifch  wltb  aa  inaer  dlkastor  cf  5.28  b.  laeb  houaiag  eaeloaaB 
atefff  tieoeratcra  with  eapaeitlaa  cf  ^  tooa/br  at  14*3  ataoa  aba  aad  3^*®* 

13,5  toak/'br  at  3.4?  ataoa  aba  and  I7l^« 

laeb  ateaa-deaerator  auppliwa  a  turMac.  It,  tit  hlch*fraaaurB 

aaetioa,  tba  U.3>«tz.oa  aba  itaoB  la  worked  dowa  to  3.(7  h^to* 
strcA  froBi  tha  lowpr.'aaure  ataas  eeBontort  it  attbac^uchUy  paaaaa  tbrcB^  tha 
)a;.t  ata^et  gf  \i*  (d«,b-;r*iiura  aaetioa  and  throu^  tha  dOBhla^flM  iow.fr«aaurB 
aaatioB. 

Hw  aet  affieieccy  tf  tba  twtiea  la  ri»2aSt  fey  rafia&aratlOB.  it 

c>‘a  fee  ieertsaed  to 

Urear  etsBla  viaetrle-iiowar  auticaa  la  hrltais  era  alao  yiaaaadt  thay  are 
to  ba  eauipiai  with  arafhite  Bodaratad  i:i>acoiad  aaturBl-araaluB  raattora* 


Baalc  SpeelflcatlOBa  Brl-'.lah  Atogie  Electric>powar  Statloaa 
Equipped  ikl^h  •iru^h^te-vcderated  Gea-«oole4  Reactors 


Ststioo 

:<uii:b*r 

of 

reactors 

lurbl&e 

KcaeratlBg 

capaelto* 

Mr 

UraaluB 

charge  per 

reaetoTt 

toss 

C02 

pressurst 

kg/M? 

Total 

capacity. 

Ns 

Year  of 

ooaiple* 

tloo 

Colder  Hall 

4 

S  z  23 

l?e 

T 

184 

i«e 

Berkele/ 

2 

4  z  80 

240 

8.8 

3» 

i9to 

Brodvell 

a 

4  z5a 

«0 

10.4 

31a 

ilto 

1 

1 

1 

2 

4  z  to 

10.4 

3to 

1041 

BtoUsf  fotot 

a 

4  z 

300  >  400 

ia»  la^ 

3to 

Ilto 

Tks  rooetor  of  ito  Irutvtl)  •Itftrlt-pcvar  ataUeo  tos  •  Stytit  ktsW 
cwmttac  Mpssity*  Xm  mt*  Is  \5*2  •  ib  timi^ur  ari  f.l5  ■  hick*  ui  ss»> 
tstaa  3«OCO  tteastla,  whlck  RM,;afslMie^lCiy«stestksi  im«iM  rate 

skMt  ^  ai  to  atoMisr*  Tks  itutBUB  isapcmturs  w  tos  sarfiSM  9t  Um  AnI 
Nto  to  ^5^|  tot  asatoHs  tacfsraiurs  of  tot  COp  mm  to  Tks  olrsalsttwi 

of  tot  foi%«a  AUkUs  to  asulotaoi  k(r  Mosoro*  Bssk  sf  %%»  Mai»t  to 

•Vorotto  to  0  J«M0>4t  4rtooe 

VM  craiktto  ttotoiH  i*  soatotos#  to  o  H-w  toiok  oiool  tflMto  tl«4  a  la 
4toastor.  fto  sort  oototo  t»000  Ism* 

Ito  ktoloslool  skiaii  (ooosfoto)  to  i»XS  •  toltk*  Ito  roM  imafaa  taMt 
to  )«000  Ufa  toya/toai* 

Ito  r— star  of  too  atoUof  foteo  oXottHo-yoMor  attUai  (!!«•  k)  to  4Mltoai 
far  0  RMI  aiifat  of  100  Hr.  Xhs  cnikiu  s«adH  >•  •i'fto  toto  o  IMOm 

a#l*55^ 
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iJliiU).  The  v:lftB!et^v  of  tfcf  ccnwlalii<j  ejhere  1«  JO.f,  ej  the  Ihlckneas,  76  mi 
Cijid  the  velt^htf  1»700  tcn8a  Frtci  tho  icjctor,  beat  la  tracaported  by  earboa 
io/.i-'-j  to  oLi  ottau  i,‘'^^ratorii  of  the  dual-treasure  type*  The  blsvers  are 
,,orateu  'oj  .0-30-f!w  iriTca. 


fig*  H*  Croee  eectloo  of  the  reactor  rocn  of  the  Hiakley  Poiat 
atonic  electric-power  atatioa* 

1-  reactor  Tossel;  2-  tubes  for  fuel  elesteats  and  for 
coctrol  rods}  3*  high-pressure  drum  of  the  ateaa  gea- 
eratori  4*  low-pressure  drum  of  the  steaa  generator | 

5-  gas  blower* 

The  effioloney  of  the  Hinkley  Point  eleotrle-power  statiee  la  26X1  the  In- 
stallstion  cost*  120  pounds  sterling  per  kilowatt)  and  the  cost  of  1  kilowatt- 


liour«  C.63  p*BC«* 

Sutaequeat  eleetr  \c»poMar  sUtlona  will  ba  uaiag  berylllw>abaath«d  fnal 
rola,  which  will  permit  rwlslag  tha  tamparatura  of  tha  gaa  learing  tha  raaetor* 
i.i  ex;>crlaaBtal  reactor  la  pre8aj;tly  being  daalgnad  which  will  uaa  thorium  aad 
ur''jstun>233  aa  a  foal. 

The  reactor  of  the  flrat  USA  atomic  alactrie>powar  plant  at  Shipplagport  ban 
t  dealgD  almllar  to  that  of  tha  Sorlct  reactor  ahova  la  ?lg*  2.  Tha  haat-ganar» 
atlr^  capaclw  of  the  Imericaa  reactor  la  231  Mw,  aB<l  tha  turblaa  oatput  la  60 
>!w.  Veter  la  elreulatch  under  a  preaaure  of  IhO  atmoa  aha  aad  haa  aa  lalat  %«■ 
parature  of  264^  and  aa  outlet  teaperatura  of  263^0*  A  water  flow  of  14t000 
a?/hr  la  aalatalaed  hy  four  eireulatiao  puspa,aaeh  with  lt200«kw  dirtvaa* 

The  reactor  easaal,  9*3  a  high  aad  2*7S  ■  la  oiaBatar*  la  made  of  carhea 
a  teal  21(  aa  thlc^t,  and  weighs  230  toaa*  To  praeoat  corroaioht  tha  vaaMl  it 
liaad  with  ahaats  of  atalalaaa  ataal  6*3  am  thick.  Oa  tha  outsMat  tha  ToaaaX 
la  haat'laaulatad  with  pratatd  glasa  flhar  100  m  thlak* 

The  cyllader^ahartd  eora  haa  a  halght  end  a  dlametar  of  1»!|3  ^ 

geaaratlBg  ualu  are  placed  laalda  a  thl«>walled  atalalaaa  ataal  aylladw  24|  ■ 
la  dlaaatar  au^portad  hy  a  ataal  crld.  Tha  thiek>Mallad  outar  vaaaal  la  protaalit 
fnsi  radlatlam  hp  two  aoaaaatrlt  ataal  acrawaa. 

5f«»  of  the  fwal  uaita  aaod  an  la  tha  fom  of  2-mi  thlak  eartiaal  panllal 
ainoalua-tmaiMNallagr  plataa  apaaad  2  m  apart  aad  laatallad  la  touan  airanatM 
hona.  OraaliM  la  aartafead  non  that  ^Ot.  laah  fear  hoaas  an  wldad  lata  a 
aacttaa  to  that  tha  apaaaa  httuaaa  thac  fan  a  areaa  la  whiah  a  araat  ihajad 
hafaln  aaatnl  rad  aaa  altda.  lha  MMaat  af  OQS  la  Uaaa  miu  la  5*  kie 
tha  nat  af  tha  ful  maita  aaaalat  of  atrcaalw  Whaa  with  a  dlentar  af 
lOeS  aa  aad  a  wall  thUfeaeaa  af  0*7  aa*  ftUod  with  aatwnl  wnalwa  oalda  ta  a 
Mtal  aaowat  af  11  laaa*  Iwadlaa  of  100  twhaa  an  walaad  ta  atpan  atafai  ate* 
aaalwi  plataa,  fania«  a  aoatiaa  n  hlpke  Aloag  lha  hal«|ht  af  tta 


core,  these  eeetlooe  are  stacked  bj  serens  betveea  the  top  and  the  hottaa  ffrlda* 
The  four  heat  exebangera  produce  447  i^oas/hr  of  aa titrated  steedB  at  40  atao* 
abs  and  la  the  hl£h-pressuro  cycle  of  the  turbine,  this  steas  expands  to 

3*i6  aUioa  abe,  acauirin^  a  Bclature  content  of  11,6X,  The  aolature  la  rcoorad 
by  a  eeatrlfugai  separator;  from  there  the  ateaja  eaters  the  loo^preaaure  cyela 
with  a  \S  s«lsture  coatent.  Upon  the  expansion  la  the  low-pressure  cyela  to  0,P5 
eiBoe  eta,  the  steea  has  an  ultimate  oclature  coateat  of  12-13S* 

The  rated  efficiency  of  the  ::hlpplaaport  atatloa  la  without  ragaasr- 
atlca  sad  290^  with  re  teeners  tloa. 

The  estiiutted  construct  lea  coat  of  the  atatloa  la  l80  dollars/kw;  tha  eoat 
cT  1  kw-hr  la  0,4  cjat. 

The  accoad  otocle  eleetrlc-pcwar  atatloa  uadar  ccaatruattoa  la  tha  USA  at 
ladlaaa  (olat  (ale)  will  hate  a  capacity  of  Mw,  of  which  oaly  140  Na  are 
produced  froB  auelcar  fual,  aad  tha  reaalatag  94  Mw  la  as  oll-ffarad  ataaa  aupar- 
hvnter,  Tha  reactor  at  thla  atatlc«  la  of  the  <  u.e  type  as  at  ahlpplaspert, 

Tht-  beat  eschsn^era  pruduca  SCO  too^/hr  of  eaturetel  attaa  at  29*4  ateoa  ah* 
which  la  aubtetuaotly  auptrheetac  to  tha  afflateoety  of  tha 

atatlca  la 

&i:*H  ■Isltc  of  auelaar  eol  or^Mlo  ^t*l  la  act  a  fertuMta  seluUw*  A  wco 
adraacad  approach  la  to  ha  fouad  at  tho  Seelat  elaa trie-power  atatloa  diaouaaai 
abort,  vhora  ttcaa  u  auparhoatod  la  tha  roaatar  ahaaaala. 

The  ahora  aaaplea  show  that  praaaurlaad-wator  raaatara  aaka  paaalhla  atatloa 
orrioltaay  uT  2C  ta  2M«  ^  luparhaattad  tha  atana  la  aoBt  oT  m  raaator  ahaae 
aala,  tha  afrioloacy  aaa  ha  rataad  to  aO-jOK*  Kaoaloca  aoalod  hy  alih  halltat 
lUuldo  proalao  to  laiaa  tho  offUlaaiy  af  atoala  alaatrla  powar  plaata  ahlll 
fhrthar,  siaaa  tha  raaaal  oaad  aat  aaatata  I004S0  ahaaa  aha  uhM  tha 

aaolaat  ta^pefotara  raachca  IfisFo  or  ahare  at  tha  outlat*  iMay  amh  Mih  ti» 
parahtto  llyaida  are  aalua  mtala*  oalal  alUgra  (aoiUaw  aodlf  ■pataaaiiMs  laaO* 
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blWButh,  aercttzy).  or  organle  eonpouMs  (diphenyl,  diphenyl  ozidn,  nnd  thn 
terphenyla)* 

The  phyaleal  propertlea  of  aone  organie  coolanta  are  glTen  in  the  following 
tebla. 


rhyaieel  propertlea 

Coolanta 

Cipheoyl 

Terphanyl 

iaoaar 

alxturo 

C.Tarphanyl 

K-T«r phenyl 

I>- 

Terphenyl 

h:eltleg  point, 

is 

(0.145 

50-55 

75-^ 

200-215 

Bolling  point,  ^ 

255 

3(4-419 

330-344 

5(9-379 

391-399 

Vapor  preaaure,  atacM 

aha 

at  39^ 

3.7 

0.4 

0,9 

0.4 

0.3 

at 

15 

2 

3.4 

2.0 

1 

Aa  •apartaaaUl  VS-tot  thaxml  uA  •laatriMl  rMotor  U  wter  9m* 

stTMtlas  la  tht  QSAi  it  will  wt  At^tagrl  haU  at  »odtnt«r  aaA  m  ooolut.  Ito 
a«rt  of  thlo  rwotor  is  2  ■  high  ooA  !•%  ■  U  AUoatar  oai  ■iiwototn  139  soak> 
ogao  of  foal  alaoaata  of  aviora  arooa  aaatioo.  A  poakago  aaatalaa  10  alataai^ 
olaA  waatiBi  ylataa,  Tha  araaiw  la  aarlahoA  to  IMU 

tha  Alphaagrl  U  aoaUlaad  U  o  lUa-oallaA  taak*  A  XS»-m  tttok  ahaot  of 
aarhoa  atool  la  taatallad  aroaal  tiM  a«ra»  aarolai  aa  aOlaMlag  fNa  thaaal 
aaotiaaoi  Iho  ■awt  iw  taapantan  aa  tha  aorfOaa  of  tha  fool  olaaoato  la 
obA  at  tka  oaatar*  ASI^  Tha  roaatar  laa  a  ntaA  aiaalaa  hamao  *9  3e000-4«00t 
lai'Aaya/taa» 
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Tho  diphenyl  elreulatea  at  a  rate  of  3«000  tona/hr,  pasalng  dom  the  core 
chaanala  under  a  preasitre  of  3*3  (ktac?  aba,  reashing  a  temperature  of 
and  aubaequently  tranaportin^  the  heat  to  two  heat  exchangera.  each  of  which  pro« 
ducpo  37  tous/hr  of  ateam  under  29  ataoa  aba  at  ZOo^C. 

•1th  theae  atean  eharactcriutlcs,  the  efflclenry  of  thia  atatloa  la  about 
the  same  a«  that  the  Shlpplngport  atatioa  (with  a  reactor  cooled  hf  water 
under  a  pressure  of  140  atmoa  aha}* 

Organic  coolanta  GAl:e  It  pcsaihla  to  achlcTc  a  acAcwhat  higher  effielaacp 
than  when  wbtii  la  used.  Their  mala  adraatage,  howeter*  ccnalata  la  thalr  low 
preasure  at  a  higher  outlet  temperature  than  occurc  la  water-cooled  raaetcrat 
thla  reducea  the  rei)ulred  thtehneac  aod  weight  of  the  reaetor  eaaaal »  A  dla> 
adeaatage  of  the  orgaalc  coolaata  ilea  la  their  low  heat  laaiataaea.  With  a 
cajorlty  cf  crgaale  eoepounda,  bcatlag  ahowc  350>400^  leada  to  lataaatwa  thanul 
dccoBpoaltloa  whose  produeta  (reslaa)  Imptda  heat  esahaag*  aad  eaa  elog  tha  fhal 
ehuaaela*  Spaclal  faellltlaa  for  tho  ramoeal  of  polymarlaatlou  produeta  (ht«ib» 
■olecular-welAht  eempouada)  seea  atora  coapl**  precaduraa  and  aore  eoatlp  afulp* 


la  tha  USa*  produetloa  hat  here  etartad  sf  aa  urgaala  Mdantor*  iaoproMTl* 
dlphahjrl.  Aa  asparlMatal  roattor  auplapa  a  aolU  Mdarat«r«  polpotlvlaM* 
C.agioeltta  of  leed  aid  polpathpitM  aro  uaad  far  ahteldlH  ^  **■*  ahlphaart 
reaetara* 


Kora  pmulaUg  ^  llfald«Mtal  haat  traaafar  agwto*  aapMUUp  aadtWt 
petaaaliaa*  aad  thalr  aUaira*  lha  dlaadathtajaa  at  thaaa  aalalh  arot  aatylMln 
haiMd*  flro  haiurd*  lha  poaalhlltip  that  ahaaltal  roMtioa  praduata  fan. 

tar  haatlag  tha  alraalattaa  atraalt*  alaaa  lb  aad  I  aolldlDr  at 


>aat  aa  aaylaataa  ar  lira  haaari* 
aad  laad  la  flaatar  araalaa  af  tha 


Uaaath  aad  iaad*hUnth  ailapa  praai 
thagr  fe%ulro  aaaa  aaarior  ftr  alrautati 

ael.$9h 


f 


circulation  circuit* 


Experimental  (^af>iite>ttoderatedl  aodiua-eooled  rcaetora  arc  under  conatnM* 
tion  in  aonie  countrica.  Compared  %lth  eca*  sodiua  pomita  a  higher  heat  yield 
per  ueight  unit  of  uranium*  liquid  sodium  reacts  vith  graphite  and  impaira  Ita 
moderating  properties*  Graphite  is*  therefore*  protected  from  contact  with 
sodium  by  metal  (e.g**  ilrconlum)  caalags  with  low  neutron  abeorptlca*  lha 
preaenee  of  such  casings  in  the  ctue  affects  the  neutron  halanea  nafheorably* 
ard  malces  it  necessary  to  ust  riehed  uraniun*  This  la  the  diaadTaataga  of  the 
aouium-eoolcd  reactor  as  eo^parec  with  a  gas^cceled  trpe* 

In  April*  1567*  an  experimental  graphite-moderated  aodiiMMColed  reactor  WM 
put  into  eerriee  la  the  it  haa  a  heat  output  of  20*000  kw  and  waa  daat^Mi 
to  cereo  oo  c  prototype  of  o  high-eopooity  power  roooter*  Ita  core  aid  ronaatar 
are  eoatoiaed  la  a  ateel  voaaa*  3*8  >  30^  ■  ^  dtaaator*  The  graphita 

Bodaretor  eenaiats  of  11)  haxahedral  oolumna  arranged  U  a  triatgalar  lattiaa 
with  <63-0:  epeolng*  The  prteaa  arc  3*(0  •  high*  which  laoladoa  1*13  •  ostaadlig 
into  the  core  cad  0*il  a  oxtoaliag  Uto  the  tad  rarioatcra*  for  protaotloa  froa 
the  aottoa  of  oodlum*  the  grophito  prieas  arc  placed  la  0*tti4B  thick  •IrtcaiM 
waiaga*  Each  aeluaa  woaUiaa  a  aeatraily  located  airacaiia  take  with  aa  iaadg 
diaaatar  af  4?  ■■  cad  a  wall  tkiakacaa  of  0*84  aw*  tteWgaaerctlag  aaita  1«|3 
a  high  arc  placed  iacida  airtcalaa  takeat  tk^r  caaaUt  of  alactara  of  7  alaaMtoc 
cock  ccaUiaiag  aa  aaccably  of  ^JOhm  Icag  clag»*  Tka  tnalaa  alagi*  19  aa  la 
diaaator,  arc  ccataiacd  ia  OiJS'tai  akteh  atatmlaas«ataal  Mkca*  Tka  claw  aia 
thanally  headed  by  a  Nc-k  alley  filliag  the  0.13>aa  caMjar  gay  babwaaa  tka  alag 
aad  tka  taka*  Ika  aada  af  tka  bakaa  ara  fiUad  with  hallM*  aaaycaaattag  fdr  bha 
tbaiaal  axpa—^aa  af  b4*  Ma-d  allw* 

Tka  fkal  rada  of  a  aaib  ara  atfaiabad  by  apiial  ayaaaca  aada  af  abatalaaa 
wiMe 


ael.$% 


Scdium  clrculatM  upmrd  iasid*  tb*  zlreonluiD  tub«ai  wh«ra  It  tlw 

fuel  rods  aad  Is  bested  fron  2b0  to  tespsrsturs  lb  tbs  esatsr  of  tbs 

fuel  rods  should  not  execed  Tiue  snriehuent  cf  tbs  urualua  stth  0^^ 

Isotops  is  about  3X.  Tbs  sodluB  s'so  cools  tbs  cssla^s  of  the  grspbtts  eolians* 
Reactivity  Is  controlled  with  tbs  aid  of  four  rods  coatslaiafi  a  boreB«alcksl 


sllogr. 

rbe  us#  of  uo^<ub«coo1s4  grspbltc'sodsrstsd  rssstors  kill  bs  JustiflsC  oaly 
If  *.he  cost  of  tbs  ^pbito«»odsrst»d  sod iua»coolsd  reactor  la  ccasldsrsoly  bsltv 
that  ft  «ss«eoolsd  loaetora* 

Flans  have  beta  sanou&csd  to  build  a  reactor  with  heavy  water  as  a  aodarator 
and  eodluB  os  coolaat.  tn  such  a  rsaeter»  sodlia  mat  bs  yrsvaatsd  frcB  Mblac 
ccctsct  with  tbs  bcsTy  water* 

tbs  Idea  of  a  liquid's;#  tal  fueled  reactor  Ic  worth  tavcatl4atlac*  d  diaffsa 
of  a  SlC-j«  pleat  with  aueb  a  reactor  la  cbowa  la  Fit*  5*  The  cere  aeaalata  af 
a  cratblta  vcaaal  sucuialag  a  «;rspbits  aylladcr  le5U  ■  i*  baiebt  aad  la  disaatwrs 
fasvlaa  vertical  cbcarela  51  ■■  la  diauter  arraBaad  la  a  trlaadular  lattlaa 
spaced  at  i$HHi  iatarvala*  A  uraalua-blaauib  alley  la  ciraulatad  tbreaib  tba 
core  abaaaala*  Tba  allay  slrsulatsa  st  a  rata  of  fO*5dO  tcaeA^I  tba  lalab 
paratura  of  tbs  alloy  Is  400^*  Its  oatlst  isaperatara*  560^*  boat  la 

taaaratad  la  tbs  serse 

Tba  papbita  vaaaal  of  tba  aora  la  acatalaad  la  a  ataal  saaaal  4*i  ■  bl^ 
aad  3*7  a  la  dlaucter*  Tba  aaaular  aap  batsasa  tbs  aulsr  csssai  aai  Iba  earn 
vaaaal  la  fUlad  wltb  crapblts  reda  6o  aa  la  dlaaatar  aad  110  a  ayarte  laliiaaa 
tba  rada  af  tba  blaakst*  a  71^^  aaapaaatm  la  aaltaa  blmatb#  M*  la  alraalatads 
Tba  alloy  alraalaiaa  at  ••dSQ  toaa/br*  Tbs  bist  pasratlay  aapaai^  ad  tba 
blaabab  la  3C  M>*i  Iba  total  beat  yiaaratlab  aayaotty  ad  tbs  raaator  la  JQO  Mie 

TbaM  aaa  yUaa  ta  am  laaaion  ad  tbia  tyya  far  prayalaica  yafyaaaas  bal 
wltb  tbs  blaakst  raylasad  by  a  yyaybita  raflaatare 
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5*  4U(;rta  ct  tutiM  wit4  • 

rt««ter» 

!•  r»«ctor»  «•  c:r«  3»  tor*  elr> 

cu4«tlii^  4b  ben*  n>cbM^t»f I  ^  Vltsiwb 

cirtul.tt8«  fwj,  **%n  (wtnibrt  ?•  UUflM4teW 
clrcttli  «lrcu}«ttc4  juMti  0»  »%•••  titrtlMi  9* 
d»M*rt  ie»  ccodMMt*  (MBit  !!•  4«MnU«|  U.  Mii 


A*30M>|  ik3c«m»)  e.  99  •«m  sto  *1 410^1 
0»  Uik-tffMMM  airttoi  t>  Itv-fNNw*  iwtoi 
►  tfo  «MBAri  ^  (•<•)  %tmMt  »• 

UmAv* 


— »lM%  to  «to 


«r  tot  totontototo 


MitoB  to  %to  toBt  «Mtoat 
wtoigM  toat  I*  ito  • 
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£«&«rator.  which  (produces  870  toB»/hr  of  atetaK  ai  69  ateoa  aba  and  4B0^«  Tkla 
ataaa  ofcrataa  a  210-fV  two-cyllad«r  turbiae.  Tba  affletancy  of  tha  plaat  la 
about  Tha  Isatallatlon  coat  i»  aatlsatad  ai  ^8  dollara  par  kilowatt*  aat 

tha  cost  of  1  kllowatt>hour  at  0.78  ceat.  la  a  reactor  of  thla  tfpa*  the  ta»> 
peratora  of  tba  alloy  eaa  reach  £00*^C  aad  anra*  which*  whara  aodlua  ia  vaad  la 
:ha  lataracdlata  circuit,  p^railu  raising  tha  afflelaacy  to  33*3^* 

Fig.  i  shows  dlatiraxs  of  plaata  uaiag  ll9uld.aatal«ooolad  raaetera. 

If,  la  tha  Interocilata  circuit*  a>arcui7  la  uaad  (Fig*  4b}  lastaad  of  tba 
acdlux.potaaslua  alloy  (Fig.  4a;,  thaa  It  Is  pot  tibia  to  obtala  aercuiy  vapor 
uadar  a  prasaura  of  10*15  ataoa  ebs  at  a  tcc.paratura  of  .‘;1S*338%.  Opoa  laavlag 
tha  ecretury  vapor  turbtau,  tha  carcuzy  vapor  eaa  aschanga  Its  lataat  haat  of 
vaporlsatioB  la  a  coadaaaar  aad  gaaarata  straa  ucf*r  a  pi-rasura  of  about  30  aUiee 
aba*  which  will  oparata  a  eoavaatlocal  ataaa  twblaa* 


I 


I 


t 
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6.  Kcat'flov  of  plantn  with  llquid-netalo 

co.jled  reactor* » 

a-  three-circuit  pleat  with  a  eonTcaticsal  ateaa 
cycle?  b-  ihrce-ctrcult  plc.nt  with  two-stage 
mercury -water  cycle;  c-  two-circuit  plant  with  a 
boillng-sercury  reactor  and  a  tvo-stage  cycle; 
d-  two-circuit  plent  with  a  11 quid -mercury  cooled 
reactor  and  a  two-stage  cycle* 

1-  reactor;  2  end  2'-  heat  exchangers;  3  3'* 

. circulating  pumps;  4  4'*  steam  and  Bcrcuiy-eapor 

turbines;  3  snd  3*'  steam  and  mereury-Tapor  eondensars; 
4  and  6'-  condense ta  pumps;  7*  aepnra tor-expander; 

8-  circulating  pump* 

A-  Steam;  B*  b);  C-  Hg  eapor;  D-  10-13  ataoa  aba; 

E-  30  atmos  aba;  T-  fIg/O  steam;  0-  e);  B-  d)» 


Such  •  two-Bt«e,e  f>ower>senentii)^  ay*t«B  will  ban  an  afflolaaey  of  4M  at 
a  &. i’cury -Taper  teurerature  of  500°C,  aad  I^X  at  550^* 

The  use  of  aeroury  in  tha  interaedlata  elreutt  will  not  only  incroaaa  tho 
ef fl* ifncy  ' t  the  ayatea  but  will  also  alapllfy  It,  alnea  thara  will  ba  ao  aaa4 
for  heating  tha  Intariredlata  circuit,  aa  aareury  aolldlflaa  at  alaua  39*^* 

^>arcury  waa  uaad  aa  a  coolant  la  tha  flrat  Canadian  thanaal-oautroa  reactor* 
Tha  larija  neutron  eaptura  cross  aaetlon  of  aarcuiy  la  aa  obstaelo  to  Ita  «aa 
In  tharaal  rcautora.  If  aa  cecaoaical  way  could  ba  found  to  rusora  tha  ant 
Isotopea  froa  mercury*  tha  Croat  acctloa  for  alow-aautroa  capture  would  ba 
reduced  alxfold. 

In  fast-neutron  reastora*  acreury  can  ba  used  to  reaoTa  heat  dlraeUy  froa 
tha  fuel  aleR*nta,  alnea,  with  reapact  to  faat  neutrons*  aarvuiy  baa  a  total 
croas  section  for  neutreu  capture  of  tha  aaaa  order  as  lead  and  blamuth  (Ylg*  7)* 
Tha  top  cuTTcu  are  thcae  for  tharaal  nautroasi  tha  bottom  omoa,  for  fast  mu* 


Tit*  V.  ToUl  atutroa>o«ptur*  ofma  of  llfttii 

K«ul«  tttiiAtloM  0/  otutroB 
A-  Total  Bttttroa  oioaa  Metlea»  tam(  T-  aautroa 
•Unto,  av  (for  fail  nautroaa.  Kav). 

At  tiM  Saeead  iBtarcatloaal  CaofaraM*  va  f«i»«»ful  7t«»  of  Ataoia  Eearcr  to 
ISiSt*  tiM  Soatat  daU’Aitloa  aantmataA  ttot  ojorattua  of  aa  ttfariataul  fost 
raaator  aaplogriiA  utftvn  as  a  a  Uaat  fea4  tecaa  raaaatly* 

Tka  alaplaal  and  Mat  taaooBltal  layeot  witk  a  teat  raaator  aoir  ka  tea  lif- 
aat  akowa  ta  n«*  ia*  Kara*  fararattoa  of  aaraaiy  aapor  takaa  plaaa  la  tka 
akaaaala  of  tea  teal  alaaaata*  Ikla  aaaa-throagk  layeat  for  aaraarx  aafor  (iM 
orator  kaa  aat  yat  kaoa  taatad  aadar  aaai»lateatrlal  ar  talaatrlal  aaadltiaaa* 

A  aero  raliaUa  kat  aoMakat  laia  aaoaoataal  lagroat  ta  akoaa  la  Fit*  44*  akora 
aalttyla  faraat  alroalatlar  of  aaraary  aadar  aaariraaaara  takaa  ylaaa  la  tka 

raaator.  tea  wraaiy  aayor  la  taaaratad  la  aa  aiyaa4ar>tyya  aayaratar.  Tkla 
lyyo  of  atraary  tapor  Maaoralar  kaa  kaaa  taatod  aalar  aa^  l-la4aatrlal  aoaAlttoaa. 


When  th«  surface  tsaperaturs  of  tho  bactagensratlB^  slsMitta  la  on  the  oidsr 
of  o50*’c,  tl:«  two>sa9(sa  aerouiyo  sod  «ia«ar>eoolcd  plant  eaa  reaeh  *n  offieisaair 
of  30^  •  which  Is  not  possible  with  other  liquld«Mtnl  coolants.  In  the  csss  of 
£na-;ooled  reactors,  an  efficiency  of  could  bo  resjho^girsn  0  fuel  olcaont 

surface  tbspemture  of  hOO^C.  Vlth  the  use  of  astal  Jackets,  which  psmlt  toa* 
pemtures  ns  high  os  hOO-h^O^C.  the  efficiency  of  gssoeoeled  plants  can  bo 
ercesed  to  30-33:C.  e'lth  hollow  cersale  fuel  eloaants.  the  oporotlns  teaporoturo 
Is  eipectbd  to  Increase  to  eoo^. 

■  Itb  nrenlua  or  thcriua  carbide  fuel  aleeents  in  corenio  or  cmpblto  essIbgOe 
a  fisa  (c.  rbon  dioxide,  heliua.  hydrogen)  can  be  heated  to  dt  snob 

teaperetures.  gee  turbines  een  be  used  with  eery  high  effletenep.  fioslijt  stodtoo 
hsv<  abewn  that,  at  gas  te^veratures  of  about  TSC^e  bs  posalbls  to  opemto 
cl(aed>c>cle  ges  turbine  units  with  on  output  ef  100  to  JOO  >bi  and  an  offtolonof 
of  4C*i.£'C.  At  higher  e*npereturee.  both  the  vutjut  and  tbs  offieiesef  of  gn* 
t>u‘btae  {.leats  will  be  erea  llghor. 

Thus,  cf  ell  reactor  tnes  feasible  la  the  sear  future,  the  aoot  ooonoiionl 
wlU  be  the  of  ll«tuid«r.«ul«oaolod  rooetors. 

a.  Kohllt  sad  mr,«ioriotle  llnif 

Fbr  daaort.  polar,  and  nountnin  oroos  wbert  fuol  dollrosf  In  dtfftonlte 
ntonlo  powor  unit*  nro  tho  noot  roltobla  oad  tonvonlont  tonroo  of  olootrlo  OMtVe 
tho  first  a.00e-kw  olootrto'pouor  otetlon  of  this  tppo  hM  boon  buUt  in  tto 
•oflot  ttblMe 

In  tiM  m*  low-rnpaotty  tfoenporbnblo  atcetlo  olootrts  pdurr  plnntn  wo  bnlat 
gttigreo  fw  uM  If  tbo  ww  and  n«  wunl  oad  nototion  boaon.  Ikn  flnt  ogpocio 
■ootnl  t.OOO-ku  ongr  powor  rooster  far  trnanpottnblo  oiooUIn  poww  ntntlwd 
(»!«•  I )  wno  pat  la  oorrloo  in  Aprtte  IVt*  Ihn  ronotor  ban  a  i0.000-lnt  iMot 


output  sc>l  U  cooled  wltli  83  eukoa  aba  preaaurixed  vater  at  a  te^peratura  of 
2'iQ'^  at  tbe  Inlet  end  of  S30°C  at  the  outlet*  The  uater  cireulataa  at  a  rata  of 
750  tooa/hr.  The  ateel  heuains  of  the  reactor  la  lined  on  the  inalda  alth  Goa» 
crate  C*b  a  thick.  The  core  eeccanodates  i*0  fuel  alaaanta  of  4?  x  4'-"*  croaa 
section.  The  core  la  contained  In  a  sucl  tank  1,22  a  In  dlaaetar  wltb  am  lrcn> 
and-uater  shielding  1.2  a  thick* 

The  thickness  cf  the  voncrete  biological  aUiald  of  the  reactor  la  2.Q  a* 

The  ster:n  generator  eonalets  of  a  vertical  cylindrical  vessel  scecaaodattaic  U- 
bha|«a  bundles  cf  tubes  for  circulating  the  vster  uhleh  cools  the  reactor*  Aboat 
1C  tens/hr  of  atvion  at  13*b  ubros  abs  and  <07^  Is  generated  batvean  the  tabaa. 
toe  ho;k  prvtscrc  of  the  turbine  is  0*C7  ateoa  abn* 

The  rated  efftite;..^  of  the  clvctrlc>pou«r  plant  Is  13i(i  installed  coat 
is  434  rollsrs  per  <.tl;.titttt}  snd  the  cost  of  1  la  about  3  aouta* 

rne  fuel  uaed  is  highly  enriched  ursntuu  la  atalalsas>atcal  jaakaia*  Oaa 
ca^iulrea  S3  kg  of  urualoi* 


tig*  t*  TfuaiiWUbU  ataala 

ataUaa  (M«b  talagtola 


The  total  wel^fht  oT  the  reactcrt  ateaia  geDerator,  and  auzlllaiy  ctiuljamit 
la  1,300  tens;  the  reactor  without  the  concrete  shield  weighs  5(0  tons.  Sfforto 
are  talng  irada  to  obtain  a  figure  to  uaie  trcnsiortation  bv  air  possible* 

Lighter  uodels  of  transportable  arsy  power  reactors  of  the  boiling*  gfM* 
cooled,  and  llquid'Dietal-fueled  types  are  presents  t  ..ig  developed 

In  Britain,  inass  production  Is  being  set  up  for  snall-slte  pressurlsod-weter 
otcmic  reactors  which  con  be  used  for  lC>2C-Iiw  electrlc>power  stations.  The  eeat 
of  a  lo-.’iw  unit  is  13C  poundo  sterling  per  kilovett.  The  ocat  of  sleetrle  power 
it  expected  to  be  1>1,3  pence/kv-hr.  The  uranluB  charge  le  0>3O^  tenet  the 
uraniuoi  is  enriched  to  4*i2!C, 

I&fc:~atlcQ  ie  eraileble  ,'egarding  plans  for  construction  of  trains  with 
portable  atomic  power  units. 

It  has  been  repor.  ted  In  press  that,  la  the  UaiR*  low-eapeelty  wheeled  aoblle 
atcxlc  electric«pow«r  stations  iisre  been  devslopid  for  trsasportatloa  on  blgbiMy** 
These  units  can  he  used  in  erese  where  virgin  land  is  being  developed,  at  ew* 
atruction  "Itcs,  and  to  on. 

In  the  UTa,  plans  ere  Bade  for  ea  etoale  truck  train  to  be  ua«<i  In  Alneto* 

It  will  o<  natst  of  h  to  3  trailere,  each  8  a  long* 

3*  Atc«lc_iyicie_>iovefs  for  Loccactlvee.  Autegobllee*  end  Alrernft 

Za  various  eoun tries*  pleas  have  been  under  develeiMat  for  reaetor*  aai 
power  units  tv  be  uesd  la  loeeaotlvee*  aatciwblles*  aad  aircraft*  but  a:  reallp 
feasible  prejeets  have  yet  beea  aaaouaded* 

la  the  IS4*  a  reector  deeiip  for  a  i*900^  with  a  ateea  turMaa 


wee  under  eeanideratlea*  The  weight  of  the  leeoaoUva  waa  eat  at  300  leaai  the 
weight  of  the  etoaie  power  wait*  at  100  toaa*  l*e**  at  aul  of  the  welghf  af  tte 


In  another  project  for  a  loccKotlve  with  an  8t000-hp  atean  turhlnCt  the 
weight  cf  the  reactor  with  shield  casie  to  l9l  tone*  The  3O-M1  heat-geaerctla( 
hociogeoeous  reactor  Is  situated  Ik  a  Teaeel  0«305  x  C.913  x  0*915  >■  (*10)  la 
^Ize.  The  shield  is  1.*?  a  thick*  The  core  eonslata  of  lO.OCC  staialeas  eteel 
tuhea  for  the  circulation  of  the  water  coolant*  with  the  apace  between  the  tubes 
filled  with  ni  kg  of  a  umcyl  aulfate  solution  cortaining  S  kg  of  uraBluB>?35e 
The  lowir  portion  of  ‘>.e  eueaei  Uctisce  the  circulating  puup  for  the  umsfl  aul* 
fate  solution,  lutcr  also  servaa  aa  a  neutrou  cuderator  and  reflector*  Cadnlta 
rode  are  used  fur  control* 

Opuc  leering  the  tube  eaaeally,  the  vtt'r  passes  through  a  sapsrator  yield* 
Ing  ;'.tcr.t  at  1?.‘  ouca  she  end  c04^C.  Through  e  reducer,  the  turhiae  U  con* 
uctvl  vUh  H  electric  gcueretora  supplying  12  traction  notore  on  the  eilen  of 
the  Ivcckwtive.  The  turbine  eendens er  la  wattr*eeoltd*  the  circulating  witar 
bvtn«  cooled  in  radiatora  on  tha  trailer  section* 

Tlit  daily  vreBiur*235  ecoeuuitita  in  37  gfsas.  Twice  e  y<sr*  the  reneter  in 
fur  refu(ll<>^«  Tue  plsi.:<id  *vst  of  the  loemttirc  i>  1*9  ntllien 

dcllrra* 

flsna  hare  been  conpleted  fvr  e  gae*ecoled  rcactcr  for  *  I**  bdr* 

bine  locccovlre*  The  heat  output  of  tha  eu'lruei-urahlUB  rsetter  la  bp* 

vitb  the  gaa  entering  tbs  turbine  eb  TWfiCt  bbe  effieieney  nb  bbe  burbiae  nbnfb 
is  9CS*  bilowing  for  bbe  tffioiea«iy  of  tbe  eleebrienl  bmnsaineion*  bbe  effl- 
eicney  eb  bbe  wbael'a  rim  eena  bn  UtS*  Tbe  loeaebiwe  in  90*7  >  Imc  uA  3*8  m 
wide*  Md  weigbs  17b  bt-ne*  Tbe.  eeeb  of  ^embien  esM  oub  bigber  bben  bbnb  «f  • 
dteeel-eleebrte  iMcwbibe.  Tbe  ennb  «f  e  loecMbive  in  lob  ppodwebtan  In  enbt» 
anbed  ab  1  wlllion  dnilam*  Tbn  nbleld  nf  tbn  reneber  weigbn  3te5  *«•••  ^ 
renebor  U  gusnbtng  in  of  bbe  stngle-elreulb  nlr-eeoled  bn*e 

to  deet  Oeimmiw.  deeigg  of  •  3e900-bp  nbobie  loecMbiw*  Pan  been  eenflebed* 
Tbe  renetw  in  bnltun-eneled.  Tbn  lecearetm  U  drlran  by  g  deabit-nbgfb  |gn* 


tur^ls«  unit  vlth  an  afflolaney  of  about  13%»  Tha  weight  of  the  elght«>azle 
loeoDCtlwe  with  an  electrical  tranesdsaion  la  175  tone;  the  length*  Si 
coat.  2  slllicn  Derka*  The  mileage  coat  la  lower  than  that  of  a  atean  loeonotlTa* 
hut  higher  than  thot  of  a  dieat'l  .  occaotive. 

In  ^a^SS.  ccnstruetloc  cf  a  3.000-hP  etoaia  loeoaottfe  ia  plaaned.  Its 
length  will  be  30  at  weight.  179  tone;  and  apeed.  90  km/hr*  It  la  lithiua* 
cooled  and  berylliuB.-aoderated*  It  can  operate  on  one  uraalun  eharga  for  8 
non  tha.  which  correaponda  tc  a  run  cf  155  thouaand  loi. 

Attexpta  to  design  an  atoxic  engine  for  the  autcpobila  so  far  have  not 
yielded  any  positive  results.  Thus,  for  a  truck  with  1.3«ton  load  oapaultyt  tha 
weight  of  a  ICC'hp  atcxic  engine  eaii.«  to  ^0  tone.  When  in  the  future  Ih  haoeaaa 
;ofaible  to  design  light-weight  biological  ahielding,  the  problaa  of  an  atcalc 
angine  for  heavy  eutv^-cbiles  and  buaea  will  ba  aolvad* 

leaign  work  on  atcalc  cnglnvs  for  cireraft  la  btlng  dona  la  varloua  oeua^ 
tries.  The  e  vet  likely  approaehca  aeea  to  he  turbojet  or  turboprop  anglnaSt 
elthough  the  latter  ;ry  prove  too  heavy.  RaBjat  englnaa  may  ba  possibly  usad 
after  rcactoro  aie  created  with  high  aurfaee  tempera turea  at  tha  Nal  wlaMSts. 
The  ehaneoa  of  utilising  stesa-turbina  tnginaa  still  sra  ohssurt. 


Fl«.  9*  of  turhcjat  B.otora  with  atonie  rMotorai 

a*  eaa-coolad* 

1.  lew-praasura  eonpraaaort  S*  latarsadla/y  aoolart 
3*  bl^sh^praseura  eo&^raaaoTi  4*  blolot^ical  ahlald, 

5-  raaetort  4*  turbiaat  7<>  jat  daai* 
llquld-aatal  fcolad* 

««  caKircs«or(  2«  elreulatlD^  puA>fri  3*  blologleal 
ahiald;  h'  raactcri  3'  axahaactri  4»  turhlsai 
7«  Jat  dual* 

ri««  9  ahewa  two  wartaata  of  a  turhojat  aafiaa  for  airaraft*  Tha  first 
trpa  proTldaa  for  aa  alr««oelad  raaetor  with  lataraadlata  eoollac  of  tha  air 
durtac  woapraaaioa.  la  tha  aaaoed  typo*  tha  raaator  la  aoolad  kgr  a  ll«al4  aatal 
wkieh  traasfars  boat  to  tha  air  la  a  hast  aiahaafir* 

Vlth  air  aaUrlaa  tha  turhlaa  at  800%  aad  a  fllakt  apaad  two  or  thraa  tlsaa 
tha  apaad  of  aoaad*  tha  walcht  af  tha  powar  plaat  aaaaa  ta  1-XO  hUaipiBa  par 
kllOiraB  «>f  thruatf  hrlaclag  tha  total  walpht  of  tha  airaraft  to  hatwaaa  00  aad 
130  tens.  Tha  raaator  la  to  ha  loaatad  aaar  tha  aaatar  tf  tfcarltp  of  tha  air* 
plaaa.  Tha  tuaalafa  say  ba  rathar  loet*  to  hasp  tha  araw  aa  far  away  as  poaslhla 

-JT- 
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fron  Vbc  reaetor*  The  en£;lne  will  be  situated  as  close  ss  possible  to  the 
resetor.  If  the  slrereft  la  of  a  *fljrlBg-wi&g*  desist,  the  reactor  say  be 
situated  at  ooe  esd,  aad  the  crew  at  the  other. 

RuaMsys  to  scecBKCidate  heavy  atonle  airplanes  oust  be  extreaely  strooc. 
Seaplanes  are  more  convenient  la  the  sense  that  there  la  less  danger  of  radio- 
active  contSBlnatlon  la  eaae  of  a  erash»  and  that  no  runvay  la  required* 

The  weight  of  the  biological  shield  of  an  aircraft  reactor  Is  estlaated  to 
he  between  10  and  43  tuna.  The  weight  of  the  reactor*  the  shield*  aad  the  turbo¬ 
jet  engine  constitutes  about  half  the  weight  of  the  equipped  airplaae* 

Efforts  are  being  made  to  develop  light-weight  biological  ahleldlag  for 
reactors.  A  shield  of  boron  carbide  with  elumlauB  (*boral*}  is  100  tlaea  m 
effective  es  e  heavy  aggregate  shield.  A  layer  of  *borel*  6  vm  thick  gioea 
better  protection  from  hlgh-eaerar  acutroae  than  a  0*&-b  layar  of  eoaerata* 

Another  light-weight  neutrea-ati  nuatlng  material  is  offers*'  hy  polymariaed 
acrylic  plaatlca  coatalalng  not  leaa  than  0*1  g  of  buron  per  ai^  of  aurfhao* 
Combinatione  alternating  steel  aheata*  wood  flberbcard*  anl  eelluloao  aoatata 
with  boroB  are  also  censidered  to  bo  possible  light-weight  ebielding  frea  faat 
aad  thermal  aeutroas*  A  light-weight  shielding  haa  else  been  pror'MA  i*  ^ 
form  of  Mtrices  of  o  fitsiblo  metal  (elumiaua*  sireeaiumj  f Iliad  with  a  ratraa* 
tory  imtartal*  boma  oclda  or  boroa  aarbide.  Tha  matrix  ia  praaaad  la*  ty  roUlmi* 
betwaaa  aheata  of  alumiaum  or  atoialooo  otool  ooalag*  Tho  borom  aeatomt  of  a 
flllad  matrix  la  a5-3QS.  A  7-«  thiak  ahiold  of  thia  Mad  glv‘  ‘tffiaiaat  pro* 
tactloa  ttm  thormal  atutroai*  fha  rollability  of  theao  oata  la  atlU  umoattlad* 
lhal  alimeata  of  earbtdaa  with  low  uroalma  eemtoat  art  meat  pramlalac  far 
hlgh-tampaiatura  airoraft  raaatora*  far  aladdtH  aramltm  axMa  alaaemta*  hlilie 
maltiag  matala  oaa  ha  uaad*  a*c**  miahium*  taagatamt  madybdaaw  ailialia* 

A  hemogaaeoua  raaetor  haa  haam  daeig^  with  a  aara  of  am  allay  at  aariahad 
uramium  with  beryllima*  whiah  aota  aa  a  madaratar.  Ih  taathar  axparlmemtil 


reactor,  a  ceremle  fuel  ia  diaparrad  throughout  tha  graphite  oodarator*  A  tharaal 
aircraft  reactor  has  also  beau  daalgnad  to  oparata  on  a  solutloa  of  uranluB  la 
bismuth.  It  la  e  graphlte-raodarstad  hataroganaoua  reactor* 


Land'based  v^ototypea  of  alrci'aft  raaetora  hare  bean  taatad  ia  tha  USA 
sicca  1931*  1934*  a  azparimaatal  reactor  reached  criticality*  It 

uses  a  uranium  tetrafluorlda  concentrate  as  fuel.  Tha  reactor  ia  0*9  a  high* 

Imarlcan  exparta  belleca  that  the  first  atcBic-pcwerad  aircraft  flighta  will 
occur  ia  1940. 


4.  torlne  Power  Plenta 

Tha  xalatively  low  efficiency  of  conventional  marina  power  plants  neceaai- 
utea  fuel  stocks  which  taka  up  about  one  third  of  a  ship'a  tw&nage.  This  liaita 
the  pcfsibiliV  further  laprovamant  ia  cruiaing  apeed  and  aelf*sutficiency  of 
vassals  at  sea.  Complicating  plant  daai^  in  order  to  increase  efficiency  resnlta 
is  rcsucad  fuel  ccstumptioa  but,  at  the  saM  ti»a,  leads  as  a  rule  to  an  Incrtaan 
ia  the  velght  of  ue  power  plant  an  tMll* 

Nuclear  fuel  solves  the  problen  of  iacrcasiag  the  speed  and  self-aufflcleney 
of  eeegotng  vessels  os  well  aa  the  problea  of  redustng  treaapcrtatlon  ecata* 

IM  wru't  »’»*t  mmu-MYtnd  m  Ttiiti  i  mttfid  wt  gwlit 
Icebreaker  sLsnln.*  intended  for  or'"^tlon  la  the  Arctic*  Its  diapleeetat  Is 
14,000  taaai  cruiaing  spaed,  abwit  IS  kaatsi  plant  capaulty,  44sOOO  hp*  lha 
length  of  tha  veaacl  la  194  ■!  the  bean,  27*4  •!  and  the  rrsebaard,  li*i 

Tha  leabrenkar  Is  egulppod  with  three  watar-aodorotod  wator*aoaaed  raaitersa 
one  of  which  la  a  apafa*  Tha  bleloglaal  ahlalS  la  of  tha  ecapoalta  hrpa  and 
aonalats  of  layara  af  wat*r,  iron,  and  ecaarota  sgirnstii  Tha  unnlwa  ahafgs 
la  safflaleat  for  savaral  yean  af  analgntiah* 

fisr  taakars  ant  frelghtars  aa  wall  aa  for  aaaan  liters,  tha  aaa  af  atcala 


power  pla&ta  Is  Teiy  pronlalng  as  far  as  further  iaproreaent  In  apead  and  salt* 
auffl<*leney  Is  coneamad* 

Research  carried  out  at  tha  Institute  of  Coaplax  Transportation  Froblans  of 
the  Acadengr  of  Sciences  of  tha  USSR  showed  that  transportation  costa  in  tha  ease 
of  a  tanker  with  a  auclear-fueled  es»  turbine  power  plant  and  a  eruiainc  apead 
of  16>20  knots  are  only  one  third  of  thoaa  in  tha  ease  of  an  oil-fired  tanker* 
The  conparlson  waa  sada  between  tanxars  of  a  load  capacity  of  ^*000  tone  a%ttip> 
pad  with  steam-turbine  power  plants  opera >ia«  on  oil  and  on  nuclear  fuel*  an 
well  as  tankers  of  32*000  tons  capacity  equipped  with  gas-turbine  power  plants* 

On  January  21,  ISiSn*  the  first  atc^iic-powered  submarine  'Rautilus*  wee 
launched  in  the  USA.  Its  displacement  la  2,960  tons  when  aurfaeed  and  3*^^ 
tuna  when  submerged i  its  lci>,»th  is  91*3  st  uiasater  of  tha  rigid  hull,  8*5  <bl 
and  rnsrlmum  submersion  depth*  230  r*  The  nuclear  fuel  charge  is  sufficient  for 
aut*.*rg.'d  trorel  over  jC.OCO  alles  et  a  cruising  speed  of  20  knots*  Aecordlng 
to  official  sources*  the  submerged  speed  of  ■Nautilus*  is  around  20  kaets*  The 
p.wer  eapselty  of  t^x  deuble-8t*ft  st»aa-turbiae  plant  is  about  20*000  hp*  The 
Submarine  ic  cquipjci  with  ea  erargenoy  dicsel-eleetrie  plant  of  the  eeewuleter 
type  eod  with  spa  lal  euuretue  for  entrnetion  of  oiygea  fren  eae  water  fer  the 
purpose  cf  re««i  -  relUg  the  air  is  ths  acBpsrtassts*  Ths  crew  of  ths  swknsrlas 
eoaslsts  of  101  aas* 

Tbs  cost  of  tha  eufeasrisa  uee  between  55  Mi  7$  nllllen  dallam*  «r  ahent 
three  tinea  ae  aueh  as  ths  east  of  a  eonaeatioael  eukaariae*  Tha  nmasMi  een> 
eumptSea  ia  about  1.5*8  kt/jit  per  1*000  hp*  The  effieteaap  of  the  power  plhht 
U  SKS. 

the  reeeter  «f  the  *HButil«e*  is  of  the  theimsl-nentres  ^pe  with  whten  at 
0  ierster  esd  eaelsst  (ss  in  the  reeeter  of  Fig*  2)*  The  water  tenpemhate  nt 
the  enUet  ef  the  render  reeehes  2i0*e*  TUn  pemite  the  etena  aenireter  tn 
preluee  et  t  preaeure  ef  18*5  etnee  nha  and  n  tenpessture  of  tl5^»  tts 


zirccuiuuf£beathed  fuel  •lemanta  ot  th«  rMctor  arc  oada  of  a  uraaiun-alreoalvB 
alloy.  The  (irai>lu&  la  enriched  by  about  401^  with  raapeot  ^  the  The  die* 

Keter  of  the  core  la  2,7  e,  the  dleneter  of  the  reactor  with  ahield  la  4«5  >• 

The  shielding  eoasiata  of  a  layer  of  water  and  of  lead  platea  with  an  organic 
filler.  The  uranlvot  charge  Is  about  20  tons.  One  charKS  can  last  2  to  2^ 
years.  The  cuatrol  rods  are  cade  of  hafnive.  Starting  the  reactor  and  bringing 
it  to  full  power  takes  about  two  hours. 

The  bc.uatB.ent  of  the  atomic  power  plant  of  'ha  *14autllus*  took  coaaldarable 
ticie.  By  April,  the  b«iK.Mrt-e  had  eada  ^4.000  alien  on  the  Initial  uienlui 

eharos.  la  April,  1937,  the  :orc  of  the  raaeto.’  was  deaounted  and  replaced  tg  a 
new  cere,  which  waa  ndjuated  la  July  and  August  cf  tha  taaa  yaar,  Thara  wata 
caevs  of  severe  radiation  enpoaure  aaoag  tha  crew.  This  partleuler  auhaariaa  la 
eharacterlted  by  the  eoaaldtrahla  alaa  aad  weight  of  ita  power  pleat,  low  ofti* 
cltney,  laaufficleet  caneuvcrabiltty,  and  a  high  aoiaa  lacal* 

Tha  Aveend  Acerlean  autoeriao,  the  *Saaw%>lf,*  was  launched  oa  Jwly  21,  lVi5* 
lu  ui*,,Ao<..tat  t>uU.,A«,<l  la  3,:(C  tonsi  its  leB»th,  ^  at  and  the  dlaweter 
cf  Its  rleld  hull,  V.f  a,  Tne  awtaartac  waa  cMicaicaed  la  15S7*  Aa  asew 
Bu*  t«r»  about  ICC  .toa.  The  capacity  (f  the  ataaa-twrhiaa  power  plaab  la  2SaM0» 
30,00€  hit  the  reted  undimater  cnilaiag  apead  la  25 

The  •Seawalf*  U  a««ippad  with  a  Itgcid-aodlvb-acalad  iataiaadiaba  raaetar* 
Thia  aada  it  paeaihla  to  atuia  ataaa  eharaaterlatiea  at  94  ataea  aha  aad  hM^t 
which  cacreapeada  u  aa  cttlataacy  at  25*21Se 

Ta  paaveat  redleaetiva  ceataalaattaa  la  caaa  at  aa  aacliaat,  tha  haa%  aa* 
ahaigca  ia  daaigpwd  oa  tae  •twha»la-a>baha*  prlaatpla,  lha  aaitaatUta  aadlM 
atrculntaa  la  the  laaar  tube,  aad  water  tlawa  aracad  tha  awtar  taha,  Tha  aaaalar 
m  hatwaca  tha  tahaa  ia  tilled  with  a  aadlca-pataaati  allcgi  tha  lla-X  priawrt 
la  aalatalaad  ahaea  tha  Ma  pcaaawra,  whlah  prawcata  radlaaatlaa  aadlaa  iMa  aatai^ 
lag  tha  water  laglaBe 
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High  thexvBl  Btrmset  la  tb«  eomplrx  tub*  systea  *Bd  th*  corrosiv*  aeUea 
of  aodluB  on  steel  led  to  the  dev*loift*Bt  of  creek*  *t  tboa*  point*  wbor*  tte 
tube*  nr*  aounted  Into  th*  tub*  *d*pt*rs  of  th*  'teaa  8up*rh**t«r  aad  (to  aa 
«xtent}  of  the  T*porl2*r.  It  cecaa*  neeessarj  to  reaoT*  th*  sup*rh**t*rt  ^ 
reduced  th*  capacity  of  th*  power  plant  by  20X»  ^*  to  leakage  1*  the  heat  *>• 
changer  of  the  primary  circuit  and  to  a  tube  br*ak*g*  la  th*  aeeoadary  elreultt 
a  radioactlea-aodluAi  l**k  occurred.  These  accldeat*  caused  a  number  of  fatal 
cMualtlea* 

Th*  acdiua-^ooled  reactor  1*  to  b*  demounted  and  a  reaetcr  of  th*  't^autllua* 
type  iaatalled.  This  solution  auat  b*  eoaaidered  a  raah  oa*»  as  the  aodtiai* 
cooled  reactor  of  th*  *£ctwolf*  1*  tachnolcgleally  aor*  adeaueed  thaa  tha  raaater 
oB  th*  'liautlloa.* 

Th*  .hlrd  *ubB*rla*t  *Slcat«»*  ogulpp^d  with  a  watar*«od*rat*d  watar-aoelaA 
rc*cter«  was  launched  ia  Kay»  Taat  rwa*  of  thi*  subBariao  hagaa  » 

Kovaahar*  1507* 

riT*  sore  aulaariaee  with  dtsplacaaeau  tf  J.CCO  tea*  aash  har*  h*aa  4a» 
itaMd  with  apaclt  is  •sets*  of  JO  hooto.  Cat  of  th«».  of  tha  *dlhaaoca*  ala**, 
tas  a  atraaallatJ  drcp>*U(*d  hall  rtsiaiteaat  wf  a  whala'a  hady.  d  hall  af 
awh  a  ahapa  iaaraa***  the  ue*u?*r*billty  aad  apoed  of  th*  waaaal*  •aah  *ah» 
aarlaaa  oaB  ha  aaad  far  aahaarlaa  ahaaiat*  Tha  plehat  atihaartaa  *t>ttaa*  dla- 
flMiaa  5 ASO  dM*  will  hava  twa  raaatera*  tha  aakaariaa  *lhlthah*  with  a  dia* 
piaaaaaat  af  TetOO  taM  la  lalaadad  far  fatdad-aiaaiia  lanaaktat*  A  tratatjpa 
af  a  raaator  for  *aall-diapiaaaB*ai  aahaarlaaa  raaihad  arittaalitr  himAw* 
ItfAe 

lha  OUi  ia  haildiH  tta  *laht  Baiah**  a  lli^t  anlaar  aT  tha  •Baataa*  alaaa* 
with  a  diajliiMMt  af  14*000  taaa  aai  a  laagth  af  ttO  lataadaO  fhv  lanahlht 
af  tfiliad  Blaailaa*  It  will  ha  afaiftaO  with  twa  praaaariaad-watar  raaat—e 
Haaa  ara  haiic  laitlatad  far  aaaatroctiaa  af  a  ahiy  with  a  diaflaaiaai  af 


83»000  tooa»  etuip^d  with  eit^t  r«aetors,  and  haTiag  a  apacd  cf  33  knota.  Ita 
power  plant  will  ba  of  the  four-sbaft  typ«;  each  ab  ft  will  ha  aarrad  bgr  two 
rcactora  and  two  turblnaa* 

frcn  19^0  00)  all  new  nllltaxy  ahlpa  will  ha  dealgnad  with  ateale  aaglaaa 

0BI7. 

Vorh  haa  begun  on  designing  liners  and  fratghtara  with  atonle  power  planta* 
Crganle>«oderatad  rcactorot  gas^ccoled  reactors  with  saa^turblna  power  plante 
esploylng  halluD*  graphlte-codcrated  reaetora  with  a  gos^ttirblae  power  pleatt 
and  a  boiling  reactor  are  being  developed*  laHhe  OSA*  ccnatructloi  of  the 
first  atocle^powercd  freight-passenger  ihlp  has  been  approved)  It  la  dealghed  to 
carry  100  paaaengezs  and  12,000  tons  of  freight*  The  reactor  Is  of  the  pressor* 
Iscd-vstar  type)  the  capacity  of  the  power  pleat*  20*000  hpi  the  speed*  21  taaetsi 
the  length  of  the  chip*  l4i 

A  taster  with  a  load  capscl^  of  about  30*000  tons*  a  power  pleat  cepecltr 
of  lh*000  hp*  sad  a  speed  of  18*(  teots  coaausacs*  on  a  6*5CO<«lla  smiaa*  3*600 
tons  of  oil*  A  taaker  la  belag  pleased  havlag  a  load  capacity  af  36*000  teas 
aad  a  leagth  of  212  •*  equipped  with  a  ias*ccolad  reactor*  The  fhal  will  ba 
cllghtly  carlchcd  uraalw*  The  gas  tenpereturt  at  the  turblae  talet  will  ha 
700%*  Zt  le  espbselted  that  Us  gss*terhlas  plant  will  perfani  with  high 
efrielcney  uaier  all  leada*  Ths  teat  af  a  zva  of  the  ataBta*pawarad  taahar  will 
not  exceed  that  af  aa  atl*flrad  eaa*  Za  aaathar  prajaat*  a  taahar  dlaplaalat 
30*000  taaa  will  ha  SQ5  ■  laag  with  a  30^  haaa  aad  have  a  lead  capaattr  af 
36*000  tcaa*  A  20*000  hp  ateaB-twrhUa  plaat  will  aparota  aa  aataratad  ataai 
aadar  a  preaearw  af  34  ataaa  aha  aad  aatatala  a  axwlalag  apaad  af  19  haats* 
iatordlag  ta  a  praliaiaaip  aatlaata*  tha  aaat  af  aaah  aa  aftc-powarad  taalnr 
will  ha  30tf  ahaea  tha  aaat  af  a  iMuatHaal  taahar*  The  aaat  af  tha  atoda 
pewar  plaat  prapar  la  2^  ta  3  tlaea  hlghtr  thaa  that  af  aa  adl-flMd  plaat* 

Aa  afia»pawarad  ship*  hewavar*  aaa  aarrp  lOf  aort  papload  thaa  a  inawaatlwal 
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teaker  of  tha  saiiae  dlaplaeaaant. 

Data  have  baas  nada  public  on  a  22,000>hp  atonic  ataam>turblaa  plaat  for  um 
ca  tankara* 

Tha  plant  la  poverad  by  a  tr;  ler-iaCv.ratad  water-ecolad  :  'Ctor  vlth  a  ^•Mr 
haat  output.  Ita  cr^re  conalata  of  32  hcct*£eneratl&ij  alexeats  about  2.J  u  hick* 
arranged  In  a  lattlca  1.6?  ■>  In  dlanater.  bach  beat-ganaratlnc  alanant  oontalM 
200  atalniaea  ataal^ahaathad  uranlun  dloxlda  .'oda  12.7  an  In  dlanatar.  Tha  eor* 
la  aurroundad  by  an  anaular  uatar  raflaetor  la  whleh  tha  ataal  plataa  of  tha 
thanial  ahlaldlnc  ara  altuatai.  Tha  raflaetor  la  O.38  m  thick.  Tha  curbon^taal 
reactor  aacsal  la  2.^  a  la  dlanater  and  la  lined  with  atalalaaa  ataal.  Tha 
TC'Raal  la  eaeloaad  la  a  &U-l:t)ae*>ataai  hull  7i  n  thlak. 

Water  eatera  tha  retct<^r  under  a  {rteauro  of  122  atsoa  aba  at  a  ta«paratura 
af  end  la  beateu  la  the  eor-t  tc  238^.  Four  elraulatlac  purpa  daliear  Ik 
to  tvo  atean  genera tora.  Tha  olaotrla  aoti-ra  of  tha  pujiipa  haea  an  auiiliaix 
vlndls*,  fed  froa  a  raaeree  current  aouraa*  Tha  auaa  gaaaratora  ura  aataial 
olroalatloa. 

Tha  total  aoAlttuit  output  of  the  hl«h>  anJ  low>prcaaura  turhlnea  la  22.00C 
hp.  Tha  two  turblnca  are  eoaneetec  uttb  tha  proitller  ahaft  throufjb  a  two- 
aiaca  setr  trananlaatoa* 

Tha  ataan  proaavra  at  tha  lurhlaa  lalat  ia  29  ataea  ahai  tha  coedaaaar 
taawMB  U  71  M  He 

^  T^O-bv  Claaal  (aitaratora  art  taolodaC  la  tha  tfai|Baat«  la  aaaa  ef 
fallara  of  tha  roattor*  tha  ahlp  aaa  ha  kapt  aaiarway  aalag  a  QCehp  alaatria 

Tha  flaaaai  aarwlaa  Itfh  af  aaa  unataa  thaica  la  aboat  3  paaca* 

Tha  aailBM  apaah  of  fhat  aaaaa  llaara  laamaat  froB  al  toala  la  19I8  ha 
33  iMta  U  list*  Tha  aaaaa  Uaar  nMta«  Stataa*  wtta  a  «taplaaMaat  af  83*«00 
toM  aah  a  l73*000-hp  pawav  plant  haa  a  aaalal^  apaa*  ct  334  kaaha*  lia  aU 


couKiujDptloB  bmouDta  to  30  toaa/hr.  ConaldoratioD  la  baicg  gl/aa  to  cc&atruettos 
of  a  liner  dlaplAclo^  53,000  toot,  300-b  1ou£«  capable  of  carrying  2,000  paaaaa* 
gera.  Its  atomle  vover  plart  vlll  ask#  possible  a  speed  is  exeeaa  of  teots. 


Sritalc.  orders  hare  been  placed  for  the  construction  of  the  first  atanle- 
povered  subccrlne  and  teoker.  the  subaarlne  will  bj  equipped  with  a  pressurized' 
watsr  reactor.  The  launching;  Is  expected  In  19tC.  Ce»elopa.8Bt  work  la  belnf 
dene  on  an  oreanle-fflod<^rated  reactor  for  (mother  subasarlne.  Ths  power  plant  will 
be  of  the  ateaa>£as  type  or  hare  a  special  ga&  turbine.  Work  la  also  going  on 
with  a  gaa-eooled  reactor  of  the  Calder  Hall  type,  haring  nn  alaetrlo  output  of 
lb .000-24 .000  hp. 
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Tie*  10.  DUgnu):  of  on  otoBlc-futlof!  oorlno  goo-t^rblBO 
ocvor  plw%. 

I-  nocicjrt  2»  Kl*Aiy-elr;ult  hoot  oieteagori 
j-  ;rtw7y>elrcult  elre\)l«ttag  4* 

hvot  mhAa.'»r(  5*  IfttonMdUU* 
olrtsult  «lr«ttU%lBg  blgli>prt»*uro  wr¥**«i 

7-  low«prti<ittfo  ttfbUoi  t~  T9fa»muet  ^  t$» 
eo9l«r;  10-  low-pruwrt  40c«reMori  U>  to^w- 
M41«M  «001W|  12-  ktoh-irOMIM  OCBICMMr* 

35»9  »OMt  ato  «%  •-  42.5  ««m»  ito  at 

)4*0i  C-  44.5  e«BM  •!•  at  442^1  t*  45.0M  4f| 

I-  45.6  >aaHM  aka  a»  56)^1  |w  45.7  atm  aka  at 
140  *^1  O'  45.7  atm  aka  at  a*0* 

A  45»000-k2  aarlaa  atoala  ^u-tarkiaa  yawar  flaat  aaa  Qaalgaai  la  •rttala. 

Xta  layaat  la  akaaa  ta  fl«.  10.  Ika  yaaitar  la  aaalaO  «ttk  llfaU  aa6t— »  It 
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anotLer  declgn,  for  •  IT^fjOC-hp  aarlne  aSD-turbin*  powar  plant,  tlw  raaeUr 
planned  le  to  be  cooled  with  helium  at  an  outlet  temperature  of  870^,  Is  the 
aecoadazy  circuit,  the  aaxlmut»  hellua  temperatare  will  be  76o*S«  Tbe  rated 
effieleccy  of  the  plant  la  42S*  Sodlta  la  a  fire  hazard  «u.d  haa  an  Indused 
radloactlelty  re^ulrln^  acre  biological  ahleldlng  t^  In  the  eaae  of  fan  cr 
water.  For  gas«turblne  power  plaata,  gaaocoolei  reaetora  are  sore  protilalnc. 

In  fact  and  luterBedlate  reaetora,  howerer,  the  phyalcsl  adenatagea  of  sodloi 
oa)'  cootpenaate  for  Ita  atortcoBlafa* 

For  a  tanker  dlax-laelod  fiO.COO  tone,  with  a  apeed  of  ^  to  30  kneta,  betb 
organic  end  ll^uld-netal  cooled  reaetora  have  been  eonaldered.  It  waa  found  that 
the  orgaale>cccled  ortf>cie*£cdcrated  reaeter  wna  20<4t5S  cheapar  than  tha  lltaid* 
natal  type,  hut  tha  afftelaney  of  the  llqulvissetel  eeeled  reoetor  wna  higher* 

The  £aher-Tlaa*  Cicpnny  designed  a  2O,00C»hp  gna*turblne  atenle  pever  plant 
for  a  tanker)  lie  heet  flew  dle^^w  la  ahmn  In  Fig.  11,  Tha  eonpreaacr  grevp 
la  drlean  by  a  hleh-prceeure  turhlna  of  tha  ulnl-flow  type.  Two  lo«*preaaugro 
redUl^floe  turbUet  (one  of  then  ahevn  la  the  dlagrtn)  are  eenaecwl  with  tW 
propeller  ataft  through  e  redveer,  Threugh  the  reiueer,  the  propeller  theft  eea 
alee  be  drleea  by  e  reetree  etaea  tarblae  opereted  hp  eaperheeted  ettea.  For  a 
etertlcg  taglee,  another  eteea  tarhlee  te  uaed.  The  tea  of  the  afterheet-rewaal 
ayetet  of  the  reector  ie  also  eteea  driveae 


e  treaalatw'a  feaeei  Tfeiallteratlea  •  erttlaal  apelilH  araUahlae 


Fig.  11.  Olagraa  at  •  20.000-hp  fttoale  gas-turbla*  ponw 
plaat  for  *xai>  on  a  tanker. 

1-  reaetav;  prlaiaxy  ahlaldi  3«  Llfih'praaaura 
axlal>ilow  gaa  turbines  4*  l0¥-praiaura  radial* 
flew  gaa  turbines  3*  reducers  6*  prcpallart 
7*  regenerator;  6-  final  gaa  cooler |  9^  1**" 
preaaure  conpreasort  10*  iataraadlata  gaa  coolart 
11*  blgh*pre38ura  conprecaors  12*  atartlag  turblaa 
rc^uear;  13*  atartlng  ateaa  turbine t  14*  gb* 
cooler  of  the  afterheat  reacftal  aFataa)  15*  fin 
of  the  afterbeat  reaoeal  aFctoat  1^  ateaa  drive 
for  the  fans  17*  bypaaa  reduction  units 
auilllary  gaa  turbines  19*  eonpraaaorat  20*  lew* 
prcaaurt  aecusulatori  21*  blgb-pranaura  accuaulatori 
1‘2*  gaa  coolers  ^*  vsrblaa-VP*  expanders  24* 
erehNc^rt  23*  seatn  flltsr  and  aeparutori  2(*  attre* 
gtn*addlBg  eplladerai  27-  cutbeerd  water  pn^i  2t* 
etaaa  boilers  29*  atoca  eupeebaatart  52*  rtaare# 
ataaa  turblaai  51*  frelghUtaib  baattac  ^rtt4•| 

52*  auxiliary  aoadtaalag  ualti  55*  rwawwa  twrblaa 
acadaaaart  54*  aondamato  paipi  55*  bob  wabar  tmt 
Mk  nuabinte 

Mvtralag  eaa  be  aaaaivltobad  with  b4a  sid  of  a  carUbla  plbab  pwapeUar  ar 
by  aaiag  rcvaraibla  ndlal-flM  tasiblaaa* 

tba  aaalaab  uaad  la  ibla  pawar  plaab  la  albnt^*  Iba  tijtfaw  paiaaabaro 
wata  aalaalabad  aa  faUawat  tba  praaaura  laataaae  ratio  la  tba  gga-biwMBn 
apala  la  babwaaa  4  aad  5i  tba  gaa  preaaura  (y)  Itaa  btbma  20  aai  <{5  bg^M^r 


1 


and  the  L.tartla£  ^as  temperature  la  ()75>750%.  k  plant  with  a  higher  preanura 
lesrease  ratio  would  be  more  expenalva  and  lean  reliable.  The  gaaeoua  flaaloa 
produeta  (xenon)  are  trapped  by  dlwertlng  a  portion  of  the  nitrogen  flow  frca 
the  eO°-turhlhc  cycle  luto  a  turbine-type  expander  and  a  aeparator-^pe  filter* 
Crcsa-jocticQ  and  plan  rlewa  of  thla  gaa-turblne  plant  are  ahown  la  fig.  12. 
In  France,  two  atCAlc-pcuered  aubmarlnaa  are  planned.  The  flrat  of  theae 
will  be  laucehed  Is  1^6c-196l.  Ita  apeed  and  maneuverability  are  below  thoae 
cf  the  'Nhutllua.*  Thla  auboarina  will  be  uaed  for  training  purpoaea. 

For  19^1.  conatrueticn  of  the  liner  *Franee*  la  planned.  It  will  have  a  dia- 
plecf.'Ti'^nt  cf  33  >(^00  tona  and  a  apeed  of  about  JO  knota.  Ita  boiler  plant  will 
later  be  replaced  by  a  reeetor  power  plant. 

In  eeat  Cenvicy.  plana  ere  being  developed  for  an  atumlc-powered  tanker 
with  a  load  eapaelty  of  22,000  tona  end  n  length  of  16?  a*  Ita  10,000-hp  attaa- 
turbine  plant  la  deslgred  for  a  erutslag  apeed  of  about  16  knota* 
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Flf.  17,  CroM  Mctiu  tud  plftft  view  «f  •  S0»000^ 
turblD*  jiOMr  plut  for  use  e*  •  tutor* 

1-  rMctori  a>  hlch'prtuun  turblMt  3> 
prMtur*  «oodtMtri  4*  htctoprrtbw*  •otorutcr 
with  bttllt«to  «o»l«ri  prepwlrtu  Irw-prunn 
fiu  iurblMi  4*  rtcmanwri  7*  Motort 
9-  atarttac  twrblMi  7*  rttaaari  10>  pr^allar 
atofti  U-  ruBiabla  platu  far  tha  ulewatlu 
•f  raaatar  aara* 
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Jl  layout  of  the  plant  is  ahom  la  fig*  13* 

The  reactor  Is  of  the  themial^neutron  preesurlzed-uater  type.  The  fuel 
elenents  use  enriched  uranluai  the  uranium  charge  weighs  Z.hOO  kg.  The  heat 
output  of  the  reactor  is  30.5  Mu.  and  It  wolghs  40  tons. 

The  core  has  a  thencal  shield  thick  made  of  sheet  stainless  steel. 

The  rigid  hull  of  the  reactor  is  1.7  a  in  diameter  and  >  hight  it  la  made 
of  heat-resistant  steel  and  lined  with  stainless  steel.  The  water  pressure  la 
the  circulation  circuit  Is  I60  utmost  the  water  temperature  at  the  reactor  ialet 
is  270^0  and  at  the  outlet,  23C^C.  The  water  flow  is  1,020  tons  par  hour. 

The  entire  reactor  is  shielded  by  a  steel  container  9,4  m  la  diameter  aad 
12.4  a  long,  with  walls  40  m  thick.  To  protect  the  reaetor  fros  jolts  aad 
ahocks,  a  shock  ahaorher  it  Inetalled  betweea  the  ahip'e  hull  aad  the  eoataiaer, 
consisting  of  steel  eheets  spaced  at  300  ut  vlth  the  intarattcea  filled  with  oak 
hoarda.  The  biological  shiald  is  1.1  m  thick.  It  contains  lewd  plates  aad  an 
orgaalc  flllar. 

The  atccic  power  plant  for  the  tsaker  i»  sspeeted  to  weigh  2,000  toaa.  Am 
oil-fired  heller- type  power  plant  for  a  tanker  of  this  klad  weighs  1,100  tOM. 
The  oil  supply  for  a  flwe-weok  run  vtigha  2,200  tons.  Thus,  the  ower-all  might 
of  tho  plant  with  fuel  supply  ameuata  l«  3»3<M  tons,  Itto  to  the  lower  might 
of  the  atealo  power  plaat,  the  paylemd  of  the  taaker  Is  IntreaseO. 


71t(.  13*  K**t  flcv  of  «  XOtCOO-hp  siia»turblM  powar  plaut 
for  uit  OB  a  uaktr* 

!•  rtacteri  tt—n  eaearatori  3*  prlMry»«lr«ul% 
cirtulotlBs  {vnpt  !(•  clreulatlac  puapi 

3»  fllttr  for  troppla^  flailcB  pre^uctot  (•  eoB> 
totaort  7-  ataoB  aaparatsri  B«  hl§k>)roaaiirB 
tui'VlBO)  9>  lov>>rr»*urt  tvirMsoi  10»  aoBteMar) 

11>  aeadBaaato  puivi  iS>  ttaantort  )3>  fB«4 
pk-^t  lli«  r«(aBtrator>^pB  Uatarai  ^  alMtrlB 
Kotori  14*  4taaal  «*>*i«t«ri  17>  tarBlM  caMiatari 
18«  rtAttcalOB  bbA  oboIIh 

IhB  tvo-opllaAw  tarktM  1*  iailpa4  «•  opaMU  a*  aatma»a4  »ttm  miar 
a  praaaww  of  o4a«%  40  oOaaa  oka*  tfeo  aoporoUao  af  proaipitoUog  aatakoro  io 
pfOvUaO  far  katoaao  tto  apiloiaro*  Tha  afflataoap  af  tta  plaot  la  aat  ot  IK* 

aaas  to  4M*e*  tha  «maloaap  aao  ko  taaraoa-^t 


Xf  oU  la  oaaO  to  aoparkaat  tka  o' 


to  An  oil-firod  boil«r>typ«  power  plajat  hae  as  effieieacp  of 

Is  Sweden,  construction  of  two  atcale-powered  ahlpe  with  dlaplaewestn  of 
ii5,000  toss  la  plassed. 

The  Laval  Coa^eny  has  dealgsad  a  two>elreult  aarlae  ntoale  ateaB>turblne 
plant  with  a  belling  reactor  utlllnlag  ordinary  water* 

The  main  feature  of  the  holllag.water  reactor  »  Its  alspllelty  aad  tba 
low  weight  of  the  lines  between  the  reactor  and  the  turbine  ••  is  net  put  to 
advantage  Ln  this  plant.  The  prwasuxe  In  the  vessel  of  a  bolllag>watsr  rsastor 
Is  lower  than  In  a  pressurined-water  reactor.  The  wall  thiekneas  of  the  vessel 
and  Its  weight  are  lower  than  In  a  watsr>oooled  wnteroodsrstad  rsastor.  The 
advantage  of  the  bolllsg*whter  reactor  is  its  capacity  for  sslf«rogalation  and 
Its  high  operating  stability  under  chsageahls  condltteas* 

the  stean>turblns  plant  has  no  peeullsr  fsatures.  An  sutlllary  oll-firsi 
hoU«r  Is  provided  to  eupply  the  turhlne  gsnarstors  and  for  hseilng.  Xn  ansa  of 
reactor  failure .  the  boiler  can  supply  stssn  to  n  drive  turbine*  ktepiag  thn 
ship  underway* 

In  horway.  eeaetruetion  is  planned  fer  an  etcnic'povered  tanker  with  n  din* 
pleeensnt  of  33*000  tone  enn  e  speed  of  Id  knots.  The  heat  output  of  the  reenter 
is  44  Mw I  its  weight  is  1*000  tone,  lbs  nedemtor  tn  SpiO)  the  eeelnnh  is  l^i 
the  unniun  charge  weighs  1$  tnnse 

Xn  Xnnnn.  design  worii  is  heUg  dene  on  n  eulHrine  tanker  with  n  dlnplnen* 
■ant  ef  30*000  tans*  n  lengtt  of  4S  ■•  *sd  •  81<«  heea*  fhs  spaed  when  ewtesvigid 
is  Q  IsMtsi  Ue  enpnsity  of  ths  poiisr  plant  in  a0»000O0»(l00  hp*  A  nssead 
tanknv  is  heing  de.'i|Bad*  far  whiah  data  ara  aat  avnilahla* 

Iho  ateada  power  plaata  aada  peeaihle  the  araatioa  of  a  as*  typo  of  aaatalag 
pnaaeagar  or  fraight  vaoaal*  eapahla  of  aniaiag  hath  an  aad  wtfar  tha  aaaan 

1^  providtag  tha  hall  of  a  lakaariaa  vaaaai  with  a  vary  aaoath  aatar  sarfhoa 
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to  Aa  oil-fired  boiler-type  power  pleat  bee  ea  effloieaoy  of 

la  Sweden,  oonetruetion  of  two  etcede-powered  ehipe  with  dlsploseMata  of 
4S>000  tone  la  plaaaed* 

The  Xaeal  Ccakpeny  hea  deaigaed  a  two-eiieuit  Mrlaa  atoade  ataan-turbiae 
plant  with  a  bolllag  reactor  utillxlag  ordiaaxy  water* 

The  oain  feature  of  the  bolllag-water  reaetor  —  ita  aiaplidhy  aad  the 
low  wal^t  of  the  linea  bctwaea  the  reaetor  and  the  turbiaa  —  la  aot  put  to 
aaeaotdge  la  thla  plant*  The  prwaauxe  la  the  eeaaal  of  a  bclllaik-«atar  roaetar 
la  lower  than  in  a  p*eaauri>ed-water  reactor.  The  wall  thiekaeaa  of  the  vaaaaX 
aad  ita  wel^t  era  lower  than  la  a  water^eoled  weter-acdaratad  reaetor*  The 
«<iveataga  of  the  bolliatf-water  reaetor  la  ita  eapaoito  tor  aalf-refitlaUoa  eai 
Ita  hiiih  operatic^  euhlllty  under  ehaaceehle  eeadltloae* 

The  aties-turblae  plant  hee  no  peealler  feetoree*  Aa  euilllery  ell-fira* 
boil*  r  la  prerlded  to  supply  the  turhlae  (eaaretora  aad  far  heatlap*  Xa  aaaa  af 
reactor  failure*  the  brtUr  een  auppiy  ataea  to  a  drlea  turhlae*  keaplat  Ua 
ablp  uadaruay* 

lu  iiaajitf*  Ciaatruetloa  to  plaMcl  far  aa  atcale-powerad  Maker  with  a  Ato> 
ptoeaaaai  of  32*000  toe*  sad  a  apaad  af  IB  kaou*  The  haat  oatpat  the  raaattr 
to  4h  Mwi  Its  «al«ht  to  1*000  twaa.  the  aodaratar  to  Bg|0i  the  eeotoat  to  I^Ot 
the  aiaalw  aharpa  welphs  ^  toMe 

la  |yi|§*  daslpi  wort  to  totoc  date  oa  a  autoartoa  torkar  with  a  dUflaaai 
■aat  af  30*000  toaa*  a  laagth  af  ^  a*  aad  a  21>«  toaa*  Tha  apaad  whaa  aatoatnai 
la  13  taotoi  tha  aapaallp  af  tha  pawar  plaat  to  I0*000>30*000  hp*  A  aaaaal 
toahar  la  tolac  daetpaade  (to  whtoh  data  aia  aah  aeaUahla. 

fha  aaeala  pawar  plaata  aada  peaathla  tha  avaatlaa  af  a  aa«  tppa  af  aiapiat 
paaaaatar  ar  fralpht  aaaaal*  aapabla  af  aaalatop  hath  aa  aal  wiar  tha  aaaaa 


%  Irtaldtat  tha  tall  af  a 
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it  is  pt/ssible  to  reduoa  tho  hull  rosiatasea  70^*  It  la  thought  poaslhla  to 
secure  lerinfir  flow  of  water  about  the  reaael'a  hull  through  a  apeolal  ayatea  of 
hydrodynamic  control  of  the  boundary  layer* 

This  brief  surrey  of  the  derelopbenta  lu  the  field  of  stationary  and  pro¬ 
pulsion  atomic  power  plants  Indicates  that  llquld-aetal  c>?oled  reactors  permit  a 
plant  tfflelency  of  &3-3i5Xt  and  la  the  ease  of  a  double  sercury-Mtor  eyolo*  as 
Ul^h  as  40-4JS.  Vater-  and  orisale*eooled  reactors  permit  plant  efficiency  of 
The  llquld-metal  eoolanU  can  be  matched  only  by  the  gaseous  coolants, 
whlcb  ponilt  an  efflclsney  of  up  to  although  at  a  higher  temperature  than 
la  the  ease  of  the  liquid  metals* 


CHAFISR  m 

U!;:;zo  ^2TALSl  }fln»4A;iuos  mtjit  TiuNsm 

(aZOIUVLIKA  X  TmJXUSK  7  ZHlOOSi  tSTAlliXR) 

FrcA  th*  hydreulie  Tlavpotst  liquid  netela  do  net  differ  tios  oidlMry  llquida* 
In  partleul8r«  bydrnulle  reaiatanee  to  the  flow  of  oetala  in  tubaat  aa  taata  bavo 
ahwot  e«a  be  ealeuletcd  uslnc  Iba  fcnulaa  for  watert  air*  ata*  Vttb  raapaat  to 
beat  tranaaiaaloa*  liquid  oetala  differ  aubatantlall/  froa  otbvr  flulda.  Tbarafero 
a«;lrleal  foraulaa  uaed  to  aalaulata  beat  traaafar  for  water*  air*  oil*  and  otbar 
a-dla  era  aot  appropriate  to  tba  ease  lo  baad* 

a.  ftdreullca  of  a  Liaeid-Botal  Mow 

Xa  tbla  aaetloB  aartalo  data  wblafc  parntt  ut  to  d»ter~slBa  tba  bytoooUt 
obareotaiiattca  of  a  ltquld«»ital  flow  are  (Itwo  la  a  viv  esaeaBlaat  for  aalaalo* 

blOOOe 

Vbo  dla^res  abowB  ia  Fit*  SS  oerwtB  to  datoTBlBo  tba  lligraoldo  Barter  for  a 
flow  of  aodloa  U  a  alroulor  tuba*  Tba  lolvt  of  tba  aerraattoo  feotor  (•)  bbobb* 
BOiy  to  dataralM  tba  Re  for  o  flow  of  oodt«iB>potaBBi«ia  aUogro  Ib  a  trta  ora  olsB 
«lvoa  ttoro* 

Xb  ItkB  BMBBar*  rraaBon  Ioobob  1b  o  otrol^t  tuba  aro  fBoat  br  win  ^ 
dlBffoa  tB  riRi  5ta 
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ns*  33*  R«  for  flma  of  Ki  oat  Ha— K  alloya  la  «tr«alar  luWa* 
(•1  «arrf  ettea  fkator  (k)  valMlty  m/tm 
(«)  iatoraal  4taMt»r  of  tato  a  m 


Fit*  Si*  ftvasur*  Imm*  i«  «  tub*  for  fioM 

of  4%  ftti  ollegro* 

(«}  oorrooiioo  foetov  (V)  valooUr*  a/Nt 
(o)  Brotniro  4ro»  ptr  1  •  loo|^»  kg/oo* 


Ttcm  Figs.  37  ui’i  38,  th«  pw»r  r«<iuir«d  to  pump  sodium  and  sodluw-^poUsslui 
•lloju  thrcugtk  a  section  of  straight  horlxontal  tuba  of  glvaa  laagth  eaa  ba  fouM; 
tba  graphs  lire  oonstructad  on  tha  basis  of  the  two  praeedlng  diagrams.  It  tba 
tuba  slopes  upward  or  downward*  an  apifoprlata  aodifieation  in  tha  pump  puwar  oust 
ta  ccispuued  to  ecmpeusate  for  tha  rise  or  fall  in  head.  Hoai  Icssas  due  to  loeal 
resistance  ure  determined  la  the  usual  Banner  and  era  also  tnksn  into  aceouBb 
during  tha  final  ’etariElcation  of  tha  power  naadad* 


nge  37*  nwor  covdrtd  •«  pap  Ik# 

(•)  poMor  par  10  rmalgg  ■storoe  hep* 

(h)  voloaiVp  m/f—  (•)  dtsMtar  oT  tiAm*  ai 

(4)  0. 
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The  eloiiexlty  la  hydreulio  eBer«etarlstie>  of  flce>3  of  liquid  Mtula  aal 
pomite  ue  to  lorestigate  the  motion  of  &>jtallio  liquid*  by  uelaf  modola* 
nra&  the  data  of  7<>tl9  l6«  the  ta:aperature  of  the  siaailetloB  ueter  eea  bo  ehOMO 
80  es  to  set  the  hiu^sutlo  Tiscoeity  of  (he  voter  equal  to  that  of  the  elkeli 
BMtals* 


ride  38*  hmt  eeeeeieiy  to  pmp  •  He^  (hlK  K)  hlUfe 
(e)  fewer  per  U1  nulac  Mtere*  h*|e 
(h)  eeleeitf  •/••t  (e)  dUaetor  ef  tube  m 

(4) 


> 


TABT3  16 


(fl) 


Equlvaleat  Teaperaturaa  of  V«t«r 

Cc> 


Temparataro  of  li(;-ald 
Mtal 

(D) 

For  Na 


^ulTalatiH  ‘.taBparatura  of  wator 


(*>  {« 

For  For  Ka~^ 

(5«K)  (?«K) 


l.t-  1 

!l.t« 

V  |. .  b  A  a 

f  • 

2.n-i 

f  * 

) 

-.1-  -► 
t*4‘  K 1 

K» 

«• 

t  ^ 

*> 

n 

v***  * 

*  % 

a« 

t  ■ 

*>t 

; 

\ 

1 

HBX^ 


r 


Taloeitlea  of  liquid  uotala  la  olreults  ar*  uaualljr  lowt  •low  ihair  iMat* 
iriiitisfor  prapertlaa  ara  adequate  evea  at  loe  felocltiee*  The  uae  of  hl^er  velo* 
eltlea  (sKve  than  3  to  10  n/aeo)  la  alao  us.idTlaahle,beeau8e  thla  will  leaaea  tta* 
durability  of  atruotural  materlala* 

The  rioriclD£  praaeure  la  liquldmetal  olrcuita»  la  aa  a  rule  aonparatlwely  loie 
This  la  exiilal&ad  by  the  fact  that  llquld«stal  heat-traaafer  aadla  ha?e  a  hl^ 
pr.irit  and  can  be  used  wear  a  wide  racga  of  teaperaturea  without  auhataa" 
tlally  Iccr^isln^  the  ^eacur*  In  the  ayetea*  Tharefore  the  operatlhs 

ptesaure  In  the  ayetea  la  determined  by  ita  hydraulic  realatanee  and  the  eatraaoe 
required  at  the  eli'<»;latlon  putsya*  The  greater  yart  of  the  realataaee 
oceura  la  thoee  a'^etlona  where  heat  la  aupplled  (reaetar*  heat  exohaB^»atae)> 
Beouure  of  the  high  rate  of  heat  traaamlaalont  theae  aeetleaa  are  relatively  ahcrt* 
which  t  tnda  to  reduce  their  hydraulic  rcalatcaeae 

Cbctee  of  optimum  valuea  for  opcratlag  preaeur*  and  mataloflew  valocity  alao 
dapenda  ea  the  eeadltloaa  {troduelag  eavltatioa  la  thoaa  porta  of  tha  ayatca  vhara 
the  ireysure  mty  e  viel  the  eepor  preaaure  cf  the  liquid  at  a  glvaa  temparaturtt 
i>'i;a  e»  ta«  pu.-sp  lotaaea*  It  la  «dvl«r.ble  io  feed  Inert  gaa  under  a  preacura  of 
a;p;cxixately  1  afesoa  to  thoce  pUaea  wtloh  ara  eoanlderad  dtagerout  froa  tha  wlaw* 
point  of  aawitatloa* 

Xa  ceaclualaa»lat  aa  latroduea  a  atahar  of  acno^apba  (flga*  39  throui^  id) 
voich  ara  «iaoful  U  tha  roO  avalaatiea  of  ooruia  qaaatttloa  aharaatartalac  • 
flow  of  llfold  MUla  U  tuhaa  (aaaa  and  waluaa  flew  rataa  of  tha  liquid  praaaara 
drop  alone  a  aorlaeatal  tuba*  and  Boyaaldt  BMbar)e 

To  find  any  aakaam  quantity*  >>U  two  kKOMt  palata  ea  tha  paraUal  aoalaa  of 
haaocraph  hy  e  atraight  liaae  Mia  will  yiald  a  aalRtiaa  wkcN  tiM 
aalaulatioa  fomaa  for  tha  artcaow  paxaaatar  ooatataa  aat  Mra  than  toa  oariaWaa* 
or  •  twXat  aa  an  ausiliary  aaala  uham  tha  aalcaUtloa  feraala  aoatalM 
thiaa  or  aara  viriahlaa*  fha  palat  faaad  ahaald  than  ha  .  oaaanad  with  a  third 


J 


ksovn  point}  than  tha  point  of  intorsactioB  of  a  atraigiit  lina  with  tha  acala 
whara  tlio  unlcnowii  walua  ia  plottad  will  yiald  •  final  aolutioa  to  tha  problaiu 
Exaicpia.  A  soiivuB'potassiua  allQjr  (3iX  K)  flcwa  tbrou^  a  tuba  of  15  ■■ 
diameter  at  260°  C  with  a  velocity  of  4*5  b/mo* 

1*  Tha  pressure  drop  along  a  6  ■  length  of  tube!  by  the  nonograiA  of  Kg#  tea 
/\  p  icg/am^i  by  eefoulation,  J.  p  *  0*34&  kg/ea.^» 

2.  Ra  number)  by  the  nomograph  of  Fig*  ter  Ra  *  200,000|  by  ealeulatloaa 
Da  —  202.000. 

3»  Maas  flow  ratal  by  the  nonograph  of  Fig.  61.  0  *2.680  kgArt  by  ealeu* 
latiCR.  0  *  2.692  hgAv. 


Fie#  60«  Kaoa  Flew  rate  of  liquid  metals  (Ka,  Kp  Ifa— K  alloyst 
II,  Sn,  Hg.  ?i,  Fb,  ecd  n>->Bl  alloy)  flcvl&g  la  • 
circular  tuba* 

(a)  D,  na  (b)  0.  ke/br  (c)  W,  kg/m  hr  (d)  m/a»9 

(a>Y  • 


4 


Fig.  6l*  -Kp.cb  flcv  rete  of  Ke  And  Na— >K  (5^^  K)  alloy  flcwiBC 
la  a  circular  tuba. 

A 

(a)  tenperatia’c,  (b)  outpat.  kgAr  (c)  output*  bx 
(d)  auxiliary  lioa  (a)  velocity  n/aae  (f)  iuteraal 
dlaaetar*  ■■ 


FiZ*  lYeesure  leases  fur  Ks  ecd  a  (563(  K)  allox 

flowing  is  a  circular  tube* 

(a)  tcaperature,  Na  (b)  teaperatura  Na  K 
(e)  pressure  drop,kg/B^  (d)  preasure  drop^kg/ea^ 
(e)  auziliary  line  (f)  Talocitx*  >/aea 
(g)  length  of  pipe,  a  (b)  Internal  dlaaetar*  a 


Fig*  63*  R«  oumbar  fur  N«  flowing  in  a  eireular  tuba* 
(a)  tamporature*  (b)  auxiliary  llna 
(e)  internal  dianatar*  na  (d)  Talooi'.j*  a/aaa 
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Tlgt  64*  Re  number  for  Ke^K  (36st  K)  ellogr  flovins  la  • 
elreular  tube* 

(•)  tefflper«tur«k  **0  (b)  euxiliarjr  llae 

(o)  intorcal  dlumetera  an  (d)  Ttloelty*  a/ea* 
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22.  Haat  Transfer  during  Tre«  ConTeetlcB 


It  Is  knovn  that  in  a  graTitational  fisld  liquid  Tolumas  oots  ralativa  to  OM 
another  if  their  temperattures,  and  consequently  their  densities,  are  different* 

M  a  result  of  such  moTcment,  called  natural  or  free  sesrection*  a  transfer  of 
heat  frem  'hotter*  areas  of  the  liquid  to  'cooler*  areas  oeeurs. 

In  an  atomic  power  installation*  using  a  liquid  metal  as  coolant*  free 
convajtion  is  used  to  cool  certain  parts  of  the  installation  in  the  erent  of  a 
forced  shut-down  of- the  pumps* 

yree  conTucticn  is  characterized  sathcmatioally  by  an  additional  tern  in  the 
equation  for  the  amount  of  liquid  notion*  Tills  term  is  expressed  as  follovsi 

-  -..'m 


2  th. 

Vhere  |  Is  the  density  of  liquid  hgf*  see 

is  the  component  of  graTitational  acceleration  in  the  c  *  direction 
m/see^» 

p  is  the  coefficient  of  Tolusetrlc  expansion  of  the  liquid*  1/degreei 
'f'  is  the  temperature 

The  index  *0«  designates  certain  initial  Talues  of  parameters  which  can  be 
selected  according  to  the  conditions  of  the  heat-transfer  proeesa* 

Analysio  of  the  motion  and  energy  equations  indleatas  that  free  etniTeetioa 
is  eharecterized  by  the  followlnf  dimenalonleaa  gronpat 


j  jT  t  t" 

«it  n, 

I’r  ('iHr.ni 


vert  \i  -e/  V 
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Wh«r«  '  is  •  liMt  tak«s  as  s  dsfl&lBe  dlBSBSloat 
V  19  ths  klnaitstle  Tlseosttyi 
^  is  tks  tBsrasl  eondttctlTity  of  ths  liquid* 
Thd  dlrisnslcslsss  (srsastsr 


■uist  s  i  JO  bs  iatroduesd  If  hsstlBC  dus  to  Intsrasl  fkletloa  la  ths  liquid  hssoBSS 

t  1 

'.Vitunttsl  sad  ths  tsra  -  hsocess  eaa;arshls  with  or  ^'sstsr  thaa  oaa* 
for  liquid  ontsls  ths  Ikoadtl  aushsr  is  sasll,sad  ths  sffsot  of  Tiseoaity 
CO  heat  trsaafer  uy  be  eeclestsd*  for  exsapls*  for  fres  aoBTsetloa  la  a  lore* 
Tclu'^  of  liquid  catsl«  the  best  flow  is  proporttoasl  to  ths  iroduot  Qrsltr^c  whish 
dees  Bot  depead  ea  .  Hovsesr^for  astursl  eeavsetioa  ia  a  osll  soluas  bnadrl 
by  wsllSt  ths  offset  of  eissosity  is  aottessblo  sad  ths  rats  of  host  trsasfsr 
sust  hs  sxprsssed  by  tbs  Cr  sod  If  aurbsrs  sspsrstslfe 

‘^•aults  rf  sspsrtaoBtsl  iaveotl|stlcas  soafii*  tbsss  ooaelus  iiSs 
y^rtiesl  ;'‘<Us  rad  erlladtrs.  Sshaidt  sad  leekssa  ebtsiasd  a»  sesursto 
solutiuB  for  free  e;oesetiea  sir  assr  •  esrtissl  plots  (tbs  oaso  of  Isodasr 
flow  ta  a  bcuadsry  layer)*  clfod  bbat  tbs  tsopsrsturs  cf  tbs  surfass  of  tbs  plats 
to  soastast*  this  sslutioa  was  sspasdsd  iato  sarieas  irsadtl  aiaibsrs  bp  Cstrabb* 
lbs  result  of  bis  sslsalstioa  is  sbewa  ia  n«*  tbs  (bysissl  scastaats  salsr* 
iac  iats  tbs  Orssbrf*  t^issslt*  sad  Kraadtl  SMsbsrs  are  rslatsd  to  tbs  tsapsrstais 
bsyaad  tbs  surfass  sf  tbs  plats*  lbs  distributieaa  of  tsopsrstarss  sad  sslssitiss 
salsalatsd  for  a  irsadtl  awbsr  sfual  to  0*01  are  sbswa  la  44*  *a  aaslapeas 
sslatisa  was  obtaassd  bp  Spsnp  aad  Orofi  fw  a  uaifbna  distribatlsa  of  boat* 
flow  iatsaattp  oror  tbs  tstgit  of  tbs  plats*  la  ibis  saas  tbs  bsal  ttsasfss 
sosffisioat  >  ia  approHaaUlp  Ml  bigiwr  tbsa  tbs  salas  of  -Nfaaad  far  tbs 
soadltisb  seast*  wbsrs  tbs  Oassbsf  aMbsr  la  ajtondasd  bp  tbs  ssastsab 


temporature 


The  theoretical  aolutloaa  shown  In  Pies*  65  vara  obtained  tar  the 

8  8 

condition  that  the  local  Graehof  number  does  exceed  lO^’t  elcea  when  Gr  lo'' 
the  flow  near  the  well  becooies  turbulent* 


Fig*  6^.  Heat  transfer  for  free  laminar  flow  of  •  liquid 
along  a  Tertical  plate  (Ostrakh  solution)* 


rig*  66*  Itrofilee  of  teaperetures  and  Telooities  near  the  ■urfaoa  of 
a  esrtieal  plate  for  free  Iwalnar  flow  of  a  liquid  netalt 
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Bck<»rt  and  Jaekscn  obtained  th«  folloving  aquation  for  ealeulatlng  beat 
transfer  for  turbulent  flow  of  a  liquid  alon^  a  Tortical  plate*  the  tenperatura 
of  which  is  constant I 

According  to  Foncula  (46)  the  heat  flux  on  the  surface  is  pcoportiocal  to 

-0.67 

Ft  .In  spite  of  the  fact  that  this  proportionality  may  not  hold  for  low 
F^-andtl  numbers*  Expression  (hO  ■''<>&  be  used  in  practical  caaputations*  For  a 
constant  ^eat  flow  at  the  surfacs  Bquatlon  (46)  takes  the  fonai 


■*!  r 


.i44l>r’  ‘')'  * 


(47) 


The  theoretical  results  obtained  abore  can  be  used  to  calculate  heat  trans* 
far  far  •  rertical  cylindei** 

Hcrir.octsl  plates  and  cylinders.  Lery  studied  laminar  and  turbulent  free 
flow  near  a  horizontal  surface.  The  cunre  of  the  heat-transfer  coefficient  for 
eirall  Prandtl  numbers*  calculated  by  Lewy  as  an  average  over  tbs  cireumferanee 
of  the  cylinder*  ia  shown  on  Fig.  67»  A  theoretical  ourre  obtained  by  Hymen* 
Pcnllla*  and  Erlich*  and  azparlmantal  points  for  a  number  of  liquid  metals 
(Hg*  Ib*  Bl*  eutectic  of  Ib~Bi*  Ita  and  Ka— K  alloy)  are  aleo  diown  on  Fig*  57* 
If  tba  flow  near  a  surface  is  laminar*  experimental  data  on  heat  tranafer  to 
liquid  metals  for  cylinders  of  a  diameter  d  ranging  from  5  bo  40  a*  can  he 
represented  by  the  fhnctioni 


NOrf  O.VHOrjPrV’-*. 


(48) 
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Fig.  67*  Heat  transfer  for  leol&ar  free  flew  of  a  liquid  natal 
near  the  surfaea  of  a  horizontal  eylladar* 

(1)  Levy  aolutiotti  (2)  solution  of  Bynan  and  oibara* 
0  —  Fh— Bij  r  —  Nai  «.  .  —  Na— «;»  »  ?'  —  Bl| 
Ji  —  Fb;  J  ->  Hg  (axperlneatal  points  of  Bynsa 
and  others)* 
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Tber«  la  no  axperlis^ntal  data  In  tha  Ilteratura  which  eia  h«  eonparad  with 
Formulas  and  (50) 

Tertlcal  tutsa  or  Parallel  nlatae.  If  fiaa  eonTeetlon  oeciu'a  inalda  a 
T«;r^lC'il  tuh«  or  in  tha  space  batwaen  two  Tertloal  planaa*  theoratleal  analyala 
of  heat  traosfar  hec(X.-!ii  difficult*  It  Is  svidsnt  that  ^oss  a  (Fig*  &8}  (two 
Icflnlte  <-artlo3l  platas  haatad  to  a  cortaln  taaparaturs)  Is  tha  staplaat  ftoi 
rjQ  analytic  Tlawpolnt.  Oatrakh  found  an  aecurata  solutloa  for  t  larlaiur  flow  of 
1<-  ii  batween  platas  with  and  without  bast  scuroa  hotweaa  th*?'*  whas  tha  tsapara* 
tha  height  of  plate  are  constant*  lut  not  necessarily  aiiuhX  t»  ana 

another* 


MQLpjiS^ 


Pig.  6S.  Heat  transfer  dlej^aa  for  parallel  platee. 

________  Moatiog  or  cooling  eurfaoe* 

Heat'lnsulated  aurfaea. 

fnnruT 

Tbo  results  of  the  calculation  where  the  temperature  of  the  surface  is 
uniform  Is  shown  on  Pig.  69.  The  rarious  lines  on  the  figure  refer  to  Tsrious 
Talues  of  the  parameter 

V.;" 

» I  i  ,  v»*’ 

whora  Q.  is  the  heat  flow  through  unit  Tolume  between  the  plates*  keal/a^  hri 
d  is  the  distance  between  the  plates*  mt 
\  Is  the  thermal  conduetlrlty  of  the  liquid*  kc«l/s>  hr  **C| 
is  the  temperature  of  the  plates* 

T  is  the  temperature  of  the  liquid*  ^C* 


«Lr55» 


.  ^ 


'raid 


Fig.  69*  Boat  transfer  for  free  laminar  flov  of  a  lli^uid 
between  two  rertleal  parallel  plates  baring 
uniform  temperature. 

Catrakb  (uid  LlttL^e  found  an  oxxalogous  solution  for  the  ease  where  one 
plate  is  erenljr  heated  and  the  other  is  erenly  cooled  from  without.  The  results 
of  too  calculation  are  shown  in  ng.  70*  where  the  ordinate  axle  glres  the  ratio 
of  the  actual  teaporature  drop  between  the  plates  to  ths  drop  which  would  exist 
under  heat  transfer  by  pure  heat  eonduetloB. 

Laytkhill  and  Levy  solred  the  problem  of  eonreotlon  heat  transfer  for  the 
ecndltions  prqraillng  when  the  space  inside  e  tube  or  between  pistes  is  bounded 
on  one  side  by  a  vail  <sad  the  t«.ap»rature  of  all  walls  is  constant  (ease 
ng.  68). 

The  results  of  the  given  studies  ean  be  used  for  approximate  esleulstloas 
of  heat  transfer  in  liquid  iStfielu. 
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Tig»  70*  Tre*  lAmiasr  flow  betwesa  two  Tortleal  paralltl 
plates  <lifferiB|(  la  teaperaturas* 

The  heat«^rHn9fer  process  is  oren  more  ooaplleated  for  free  eoDreatioo  ia 
a  s;Kice  aaclosed  oo  all  sides  (fig.  680).  Ostralcb  obtained  a  solution  to  thin 
problem  for  the  case  where  heat  sources  are  pB*esent  and  tbs  tempsratum  of  the 
bounding  surfaces  is  uniform  at  all  points*  The  cujnre  found  by  him  Is  aihowB  oa 
Tig.  71. 

at  rery  email  Tsluee  of  distance  d«  heat»transfer  ealeulations  eon  be  based 
on  the  results  of  Tiao's  work  on  heat  transfer  in  narrow  annular  slots*  ^ibk 
will  be  discussed  below* 
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Pig.  71.  Haat  transfer  for  cuorttoi^joa  or  •  liq^uid  !• 
a  apaco  enclosed  on  all  sldas. 

^iarroi#  annular  slots,  horltontsl  and  Tertleal.  Sxporlaantal  research  on 
free  convection  in  liquid  sodlun*  occurring  inside  a  vertical  annular  slit*  vas 
conducted  by  a  number  of  researchers  (Tlso*  Kausteller  and  KaeOoff.  Ihulidg}* 
The  lateral  faces  of  the  slit  were  b9at»lnsulated*  tbs  aatal  was  heated  from 
below  and  cooled  frea  above*  and  the  hollow*  in  which  the  process  of  natural 
convection  was  developod*  was  enolosed  on  all  sides* 

The  author's  experimental  data  are  shown  la  Tsbla  17* 
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TABU  17 


(A) 

N»tur*l  CoBT«otloa  la  Narrow  Tartleal  Annular  SXota 

(B) 

Author 

(C)  (D)  (B)  (/)  (C) 

CtAraoterlatie  Synbol  Tluo  HAu«tA]l*r,  Hmlldg 

HaoSoff 


(H)  Olaaatar*  m 

(I)  U«l£ht»  on 

(J)  Width  of  slot,  m 
CK)  Batio 

(I^  Klolcua  t«ap«ratura  abOT#  tha  slot.  ~C  ■ 

(K)  Kixlsaa  tesporatura  balow  tha  slot. 

(N)  Tcaparat^ira  drop.  *  C 

(C)  Total  hast  flow  dua  to  fraa  ecoTaetlca.  kcal/lur 
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th*  of  ihcso  MporlJMots  eim  b«  r«pr«MBt*4  bf  ttio  foDowlss 

••plriool  fomUoi 

'I*  •  ••  !•*  (51) 

vh«r«  \  i«  tb«  effoctlTo  h«iil*tt‘a&sfer  eoarflei«nt  ca;culat«l  Cor  tb«  total 
toBpsratura  dlffareBco*  kcal/a^  hr  ^Ci 
la  tta  dl&aMtor  of  tbo  aaavilar  alot»  bi 
• »  la  tho  Graahof  ausbor  calculated  for  the  vldth  of  the  alot  (d}» 
abeo  five  horizontal  baffles  were  installed  at  2^-<ca  Interrals  along  the 
height  of  a  250>esa  diaineter  annular  slit*  the  total  boat  flow  was  found  to  be 
2^  tioBS  lesa  than  that  for  a  alit  without  bafflea* 

ttaB«uaan  conducted  coaaurt2asnta  of  heat  transfer  during  natural  conTOctlon  is 
nari-ov  Tortical  chansolo*  using  asreurjr*  water*  and  oil  as  the  working  liquids* 

In  conrevting  for  aodiur*his  data  can  be  represented  by  the  formilai 


(52) 


where  L  is  the  length  of  the  heated  section  of  the  channel*  at 
I  la  the  internal  diaseter  of  the  channel*  •• 

These  aaas  data  are  shovi-  in  Fig*  72* 
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Tiit  72*  H«at  transfer  In  narrow  rirtleal  alunnaln  for  nntuml 
eonaaottoa  of  aodtn* 

rfaa  fcaToettc;  In  Uyj|<l«ciattl  olrcjlta.  Zn  cooling  of  otonl*  powor  plns%^ 
«  natural  aonraatlon  can  to  aaa4  togotnar  vttii  forcal  aonTeattcni  vbleg  tfp*  gofom 
in  a  glTon  jroeoan  Capanis  on  tho  note  of  oparnttoa*  Tho  oTorngn  llg«14  flow 
▼aloeity  In  otrouita  wtara  natural  ang  forood  eireulatlen  anlat  la  totaralaia# 
by  aolaing  alaultanaoualy  tba  hygraulio*frwaBttra*balanao  aguntten  and  tbo  han%» 
baltnao  oquation  for  tba  airaulation  loop*  Tho  way  In  union  tbo  bantwIroMfor 
ocarneiant  dapanda  on  aaloalty  will  bo  dataminad  by  whiab  typo  of  MbiOB 
(natural  or  foraad)  pcadoninntan* 

Boat  tmaafar  for  nlxod  aoticn  of  a  liguid  uadar  tba  aooditionn  of  loMtior 
flow  in  n  abort  aortioal  tuba  at  aenatnnt  wall  towpamtura  wan  iuaoatiflatod 
tbaaratioally  by  Mnrtiaalli  and  Bowltar*  da  a  raawlt  tboy  obtniaad  tbn  fallowiag 
aipronaion  for  tba  Mnaaolt  mmktr* 

NuO  I  f- 1 "  ^  1  u-rw  ,  (53) 


Wti434 


irher*  L  la  the  laa^h  of  tha  tuba*  ai 


E  la  tha  dlaaater  of  tba  tuba*  a« 

Tba  'plua*  algu  la  tba  raiileand  la  salaeteA  whaa  tba  aatuial  and  foraaA 
eoBT^ctlpaa  flew  la  tba  asna  dlraetloat  tb«  'alaua*  alga  wbaa  tba  dlraotloaa  of 
flow  ara  opT«;aad.  E^uatioa  (33)  la  aeeorata  If  tba  waloclty  profila  of  tbo 
liquid  la  linaar  and  If  tba  iutaaait/  of  boat  traaafar  la  datazalaad  aalaly  bp 
tba  ccndltloaa  of  tha  pro«aaa  oeeurrlac  ajar  tba  tuba  walla*  Tbr  liquid  mtala 
tbaao  assuaptloaa  ara  oftaa  laaeourata* 

KaeSoff  and  Ifaaatallar  atudlad  boat  traaafar  la  tba  apaea  batvaaa  tubaa  of 
vartleal  als^la<«ad  zultltuba  boat  axebaUeara  not  bawlag  latarlor  bafflaa*  da 
alloy  of  aodlua  and  potasalua  (3(S  S)  waa  u*ad  aa  tba  baat»traaafar  aadlta* 

Both  forcad  and  natural  eirculatlcu  of  a  liquid  Bdtal  la  tba  apooo  batwaaa  tbbao 
wara  Inraatldatad*  Tba  corraaposdlag  axporlacMtal  data  ara  abowa  la  Tablo  at* 

TABU  It 

CoollAd  of  \'<>rtl«al  Tuba  Banka  la  h^at  Bxrbiafiara  by  a  Sodlua-potaatloa  allay 

(d)  Nuiabor  of  taboo 

(B)  Cxtarlor  dlaaotor  of  tubas  ^  M 

(e)  UB«th  of  tubs  1*  SB 

t 

(0)  Oroas  aaotloa  of  flow  f»  m 
(B)  Iboo  aoaaattlaa 
(*)  Wgraad  ooavoattaa 
(0)'^  or  19  yiyoo*  a  vara  alaaat 
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Arrangems&t  of  tubv.  la  tha  shalla  of  the  heat  ezcheagerc  la  ahowi  aah< 


Pig.  73<  ii.*rdac'-i>«at  of  tubea  la  the  sheila  of  heat  axehaafara 
iBTaatieatei  by  KacCoff  aad  Kauateller. 


For  Bultttube  heat  eiehanyera  oae  £eaer%l  eaptrleel  foraala  waa  obtataai 
for  both  fT't  as4  foreel  eoaeeetlo* 


/,  i» 


P'  i»]  *. 


iSk> 


ehere  B  la  tbs  eutattfe  lleseter  of  the  tubat 

P^la  the  eroaS'SertloMl  area  of  tha  ewtal 

r^la  tha  baet-eaehaaia  aarfaaa* 

Tba  aiaarlaaatal  data  at  fPaa  aaaeeatlaa  far  a  alacla*taha  heat 
4a  act  t^oarara  ta  thla  (haattaa* 

•p  haat  traaafar  aaiar  faraa#  aaamattaa*  aa  aaaa  lha  eyahaap  aT  hath 
hatwaaa  a  aaU4  aarfhaa  aa4  a  pifa4  U«il4  U  aaahaah  afttb  ite 

lar  a  U«ii4  Ptawlat  tartulaahlp  aear  aap  aiarfaea  (far  iM>lie  U  a 
alrtalar  taha)  tta  aaltra  flaw  area  aaa  ha  arhitrarilp  4t*i4a4  iaia  taiaa  pHai 


jrt' 


mL-35k 


IsaiSSIL.£«y4Jar4  41r«otly  to  tk*  ■!»«««•  of  tho  oelMt  ta  t%  tko 

<ir.g  action  of  th.  wall  akcwa  up  atrongl,,  har.  tko  partlclaa  of  iha  11.^4  *oro 
In  an  ortlerUr  manaar  and  add,  curraata  ara  not  fonaad  apontanaoualy. 

Turbulent  nuel^^eo^  -  tha  baaia  oantral  are.  of  tha  flow  ebexaatarlMd 

by  assaatlslly  dleordared  inotlor  of  liquid  partial..*  * 

The  IntemeJlate  or  treneltlon  area  located  Utweaa  tba  i *■»«.>.»  .ublnynr 
AZtd  thtt  AUfsl#u#» 

Tba  heat  la  tr^naforrod  la  a  flow  due  both  to  tha  Bolaeular  heat  coadootiTlty 
of  the  liquid  (  >  )  and  to  tha  turbulaat  alalBg  of  volume  (nolaa)* 

Tha  loteaaity  of  tha  nolecular  heat  tranafar  in  a  liquid  can  be  ebaraatarlaad 
bj  ll.  <h,n»l  dim.lrt„  .  _  ^ 

to  Internal  friotlcn  In  a  liquid  la  ebaranUrlaad  by  the  klncoatln  TinoMlty 
V  »  .  The  dlnenaienlaa.  ratio  of  thaaa  T.luaa  la  called  tbo  frandtl  mabari 

■T  • 

4 

CoM.'otlcnal  fluid,  (water  and  .Ir)  hate  Hr  r.5»b*r.  ©f  0.7  tbro««li  ?oo,  vbtla 
liquid  n-t,U  er.  char*e*.rl:ed  by  e*ry  lew  ^ 

(n,.,  74) »  tbia  1.  aa.-ccleted  vHb  their  hlgb  tbemal  «cn4uatt«ity  (n«.  75).  y. 
eoctraet  to  ncrn..iallle  Itqulde*  where  leal  trrrafer  1.  a  flow  Ir  beeiwilly 

earrtad  e.  by  eclasular  Uunapwiu  u  li««ld  a.ui.  anlMulnr  tsahMfi  U  hnM 
9»»  play  a  larga  roia  (ovan  U  tba  ra«ie»  of  tba  burtuUH  act*). 


^  • 


V 


Wc.  V 


W£.  75 


•  Valuos  of  ftr  cusibors  for  various  beat* 
transfer  siadla* 


•  Thanoal  conductivitj  of  various  heat* 
transfer  laedls* 


xy 


o«  V 


xci-554 


Best  AvailsblB  Cop^ 


role  ct  the  l-uclaar  sublayer  la  the  total  reslataaae  to  heat  traoafer  la 
liquid  Biatale  la  ntaller  thar  la  cctirsotlonol  llquldsy  alaoe  la  this  ease  the  etA* 
layer  Is  relx;tlvaly  thin  (  v’  !■  gahU)  and  eooduets  heat  well  (  \  la  larfe}* 

These  eoaoerta  are  llluatrated  la  rig.  ?&•  where  the  dlatrihutloa  of  ttaiperaturea 
Is  turhulent  liquid  rlow  la  shown  for  varioua  ft  BKUberBa 


ne*  Ti,  Disiilhutlea  of  trayeraturee  la  turhaleah  flm 

of  «  liquid*  (1)  Isnlaer  m^hUyen  (2)  taitaleal 
«<tre»  O)  traaeliiea  arra* 

Zb  turhulaat  flew  of  liquid  aetoie  the  ratia  af  Ida  haat  flaw  tmaafaraUa 
dy  Baleeuiar  daat  acadattieB  «a  tda  dtat  fiaw  irsaafaradlt  daa  %a  tartaiaat 
adaiat  ana  da  epiraKlaattly  eeeiaated  la  Ida  faiiawti^  ■aaatfs  ai  aalaaa  af 


If 


vtiere  \X/  Telocity  of  the  liq:aii| 


is  a  chnraoterliitio  gecostric  ^usntityi 
L  io  the  thermal  diffu^iTit;  of  the  liqul^t 
the  mechanissi  of  heat  transfer  by  molecular  heat  eonduetioh  preTails.  tor  to 
numbers  on  the  order  of  1,000  the  role  of  the  moleeuler  and  turbulence  Deehaalna 
of  heat  txa-.nsfsr  Is  approxlinately  the  same,  and  only  when  Bi^50»000t  l*e„  at 
Tery  high  flow  Telocities  in  the  care  of  the  flow  turbulent  heat  transfer  {ireTalla 
and  the  relative  msgnituda  of  the  thermal  resistance  of  the  laminar  sublayer 
strongly  increases;  this  constltutee  a  large  portion  of  the  total  raslatanea  to 
heat  transfer  as  it  ooo  'xs  for  conventional  liquids.  Experimental  data(*47«  10^) 
completely  confirm  the  specific  charecter  of  the  distribution  of  temperatures  tn 
the  flow  of  a  liquid  metal. 

Troa  vhat  has  been  aald.it  is  clear  that  the  foxmulai  deserlbtnc  heat  transfer 
in  nocmstallio  liquids  cannot  be  used  to  calculate  a  heat»tranafar  eoafflelent  la 
liquid  oetala. 

Let  us  nets  one  more  peculiarity  found  durltg  the  study  of  beat  transfer  la 
liquid  metals*  Beeauea  in  a  number  of  o«sea  the  molten  matols  does  not  vot  tbo 
heat'traoefer  aurfaea,  the  contact  of  the  liquid  with  tbo  boated  suifset  Day  aol 
be  completely  aetlafactory,  wbleb  eauaaa  additional  tbanal  realataaoo  to  beat  ' 
trenafar*  Due  to  the  poor  liquid  vail  oostaot  or  boesuso  of  tba  sppasrsaeo  tm 
the  layer  sapsrstlon  aurfaoa  of  sods  lapurltlasa  wldasa  oto.a  tbs  tbsnsl  rosin* 
taaee  can  sharply  dlnislab  tbs  baat>trassfer  oosfflalsst  ^e 

Turbulent  flov  of  s  liquid  aatsl  la  ■  oircttlnr  tula.  Tbs  rsnat  of  a  tboors* 
tlcal  solution  of  tblo  probloa.  sl^a  o  cosstsat  as^tudo  of  boat  flov  olaaf  tbo 
tubs  vail  MB  bt  erosanted  la  tbs  folloviac  fens  vttb  a  cstlafostory  dsgso 
of  aoeursoy  (NartinsUl-lyoa  ^':nnls)i 


Nu  ,  .V.*tlV  • 


(55) 


«t-3» 


wh«r*  t>i«  haat-transfer  coaffieient,  kcal/i^*&r  ^C. 


Saban  a&d  balnazaklfl48j  aolrad  tba  aana  problea  for  eonatant  tttbo>wall 
temperature  and  obtainad  tba  aquatloa 

(54) 

The  accuracy  of  Equations  (55)  (3^)  !■  confined  by  eertaia  azparlaeata 

ucr.ductod  vith  sodlun  and  a  aodlvjiapotas^lum  alloy.  Exparlaental  data  of  Idraa* 
Vamar.  King,  and  Tldb^ll  on  heat  transfai  to  allcali  motala  are  showa  la  ftiblo  19 
.\nd  nga.  77  and  78* 

TABU  19 

Cecditions  Sndar  V:4lcb  Certain  Exparlaanta  on  Beat  Traaafar 
to  SodluB  and  to  a  Sodlus^potasalua  Alloy  bare  Carried  Cab 


Autnor  Type  of 

dorklBd 

laalde 

ball  Tempera* 

Reysolde 

exforlaeatal 

liquid 

diameter 

aatarlAl  ture 

arreacaaeat 

of  tba 

tube 

raade 

rMfi 

Idea 

eoaeeatrte 

fjf  ia»  It  eei  18  aiefeel 

1C6  »e  U5 

U»000-  90*900 

tubes 

m  t  allet 

Termer. 

eoaesatrte 

5«  Mi-  ^  alekel 

ISO  be  ^ 

a3f00o*-«9o»ooo 

Klat 

UHKaUeir 

j5a000-x89«000 

Md 

eai  Mite* 

TldbaU 

TMKalUr 

*eu55k 


Id 


•*  I 


nt.  7T«  S»p*flMU4il  4*u  of  tpoB  0«  hta* 

for  kurUlout  flr»  of  Ko»K  (^W  K)  olliV 
U  t  oireuUr  tuto.  (i)  KrrtlMlli-ljro* 
•oluiloo* 


I 


"ei^-SSk 


L 


SxperiiMntal  data  far  other  liquid  aetala  (aareuryt  laad^hlamuth  allo^r) 
doTlata  signlf leant ly  from  theory  la  that  valuea  of  heat-iranafer  eoafflelaat* 
fourd  ez;«rliBantally  are  amaller,  aa  a  rule*  than  the  theoretical  eoafflelenta* 

Let  us  exaBlna  the  results  of  studies  by  certain  authors* 

Sxperlsieats  on  heat  transfer  to  aereury  und  to  a  sutsetle  blSButh* 

lead  alloy  lll^  were  eoadueted  by  Johnson*  Bsrtnstt*  and  Clabaugh*  Qndsr  thn 
conditions  of  turbulent  liquid  flow  and  for  a  constant  heat  flow  alood  the  tubs 
wall*  their  heat«tranaf«r  oo«l:'  •  .ants  were  25  to  jl5X  lower  than  those  ealeulatsA 
lu  aceoivtanee  with  the  ltartlnelll«Lyon  theory  (Fig*  79)*  A  dlagran  of  the  teat 
set«up  of  Johnson  st  si  Is  shown  in  fig*  63*  as  thsss  tssts  Indieatsd*  evsn  n 
ssall  anount  of  gas  sntralnod  by  tbs  llculd  nstsl  snd  eireulstlng  with  It  eaa 
strosgly  offset  the  intensity  of  heat  tranafsr*  la  this  eaas*  ths  gns  nssd  wns 
hslluB*  suekad  Into  the  system  fron  an  sajisneien  tsnh  by  a  eentrlfngel  juay 
(rig*  80}*  Ths  jr^'senes  of  ths  cs*  reduess  tha  htst*tmnsfsr  eoefflelsnt  to  tho 
rh— Bl  alloy  by  syyrralMtely  twice*  afvar  a  hnffls  van  Installod  la  tho  lowsr 
ssetlos  of  the  espshslon  tank  no  as  to  jvscont  fonotlon  of  o  funnel  In  tho 
ccatrol  soetion  of  tho  tank*  eoyturo  of  gso  hy  ths  ste  vd,  Ths  ht*t*trensfor 
sosfflelsat  to  ths  alloy  la  ths  yroosso  ssotlsn  Insrsosod* 


mussk 


U 


I 


79«  Scat  tiptrlavatti  lUu  m  bttt  trtaafcr  t« 

a.  reury  m4  «  Ib^t  .Uq,  for  turbiawb  flow 
la  tvitta.  (1)  iburtlMlll.lyw  aalatitai 

(2)  tctlt  bf  Xatkaff  «a4  Oaaw  (■»r«iry)| 

(3)  Uata  by  Trafrabta  (BtrMry)i 

(4)  tatta  by  Sabaa  (aataatla  lb*4a>l 

(5)  Uata  by  ti^aiv  (aataatla  lb-«t)l 

'  taata  by  Jabaaaa  H  al  (aataatU  lb>41)a 


nc*  to.  of  »o**  of  Jbtoooo.  ■m^»oo%»* 

o«4  '31ob«u4».  (0  |Voe*oo  ■oeilooi 

(a)  pmpi  (3)  toBki  ik)  ^ffl»i  (5)  «lffw»tolol 
MMMtori  (ft)  oooliri  (7)  footor  loakr  (D 
purtfiMttMi  (♦)  ooM^lor  olU  • -oU  ooiwoto*. 


J 


C«p(ar»  of  goo  by  tbo  {map  io  oloo  uadoolrablo  bocouao  It  laerooaoo  tho  rot* 
of  oxldat:.oa  cf  the  liquid  metal  In  tho  ayotem.  Am  wao  dotaeted  whoa  the  otady 
la  question  wao  conducted,  the  aeeuaulatloB  of  a  notleeablo  amount  of  oxidising 
metal  (slag)  la  the  ttink  wao  obeerved  only  before  capture  of  the  goo  b;  tho  pwp 
was  eliminated* 

Trefe^bv^n  ^llij}  ecndueted  experiments  on  beat  transfer  to  mereury*  iitolalosa 
steal  end  copper  were  used  as  uterlal  for  the  tubet  tho  copper  aurfhoo  wao  first 
with  a  ciixt':j*«  cf  solutions  of  hydrochlorle  acid  (BCl)  tnd  mercurous 
chloride  (HgCl^),  so  that  the  surface  was  e-^ry  wettsble  by  the  liquid  aotal* 

Za  the  ran^  of  9selet  numbers  of  100 <' Be <2,000  tho  intonslty  of  heat  tmasfor 
WiS  the  saso  on  both  s*ifecej  and  was  jOt  lower  than  tho  ealeulstod  Ksrtlaolll* 
Lyon  oureos 

A  significant  inorenae  La  tho  hoat«tr«asfor  coefficient  (by  opproilaatoly 

^  e 

twice)  v'iS  letoeted  In  tho  oxpsrlaeatt  of  Doody  ond  Youngor  J7.  ,  who  addod  nU 
asounto  of  acdiun  (O.ljS  by  weight,  and  lest)  to  m^ro  try.  The  outhoro  ottributo 
this  phonooenon  to  so  Improrsasat  of  the  wettiag  (ropsrtlot  of  tho  ItquM  aatalo 
•Inso  la  respoct  to  b^rciry  sodl«  a  aurfsc>*«otleo  olomoat  oubstaattally 
rolusoi  tho  »^-f«ce  tensi  a  of  asrour/*  The  exptrlaoatal  fhaotioa  Mi*  f(fc)o 
found  by  Onody  tad  Totiagor  la  testa  wleo  added  oolian,  Mtlofaotorily  i^aoo  with 
the  data  cxaaiasd  oboes  (Johaeea  et  alt  Trofethea), 

Data  of  Sehoa  sad  Utborolqr  ea  hoot  traaafor  to  the  eatootio  alloy  of  hlaithi 
and  load  ta  goaortl  agroo  aottafootortly  with  Jehaaoa'a  data  la  fhlltag  3d  %•  3tt 
halow  tha  ooiaaUtod  Nnrtiaolll-lyoa  oearfo,  Sahaa  found  that  for  on  allay  flcwiag 
la  tuhoe  with  a  ttaMoatod  latorior  tha  hoat-traaefer  oooffiaioat  laorsugg  I9t 
ia  ooipariaoa  with  ioa»tU  ooitad  taioae 


troaalotor'a  aotai  la  tha  origiaol  loiti  aaoordiag  la  tha  hihUagraihye 
IM,  a  U  aaaMo 


"BL-SSk 


A  gradual  daeraasa  with  tlM  of  tba  eoafflalant  of  haat  tranafar  to 
Borcuzy,  A  •  waa  dateetad  In  tha  axparlaacta  of  Sngllab  and  Eaxrat  •  Tba 
Tdlua  of  A  for  ifiareury  flowing  in  a  nlclcal  tuba  ia  balTad  aftar  oparatlon  of  tha 
apparatua  for  ‘JS  boura,  and  In  a  tuba  of  atalnlaaa  ttaal*  aftar  100  to  120  hoora* 
Thla  phanoiasnon  ean  ba  azplainad  by  Inauffiolant  purity  of  tha  liquid  aatalc  whoao 
ls..^itlc:  gradually  aeeuoailatad  on  tha  baat«transfar  aurfaoa* 

TLa  eonttULatlon  of  the  oareury  waa  obaloualy  annanoad  by  tha  lack  of 
protactlcs  against  atBoapharle  hydrogon* 

A  cociparlaoa  of  tha  raeulta  of  tha  vorka  mantloaed  la  shown  la  fig*  75* 
la  ravlaw  artlela  *11^  •  Lubaraky  and  Xauf&an  offer  tha  following  onptrtaol 
for.ril'^  wblfh  ngraaa  with  tha  data  of  tha  zajorlty  of  foreign  rasaaroharo  on 
hOHt  transfer  d'srl&g  turbulent  flow  of  liquid  aotala  ia  tubaai 

Na  U«US  (37) 

Thla  fonsula  ia  uaafu)  for  ealoulatlag  beat  treaafar  beyond  the  ragian  af 
tbaxeal  atabilitatioa*  Tot  b<at  oa^o<,w  eitbia  a  uiaklltand  rwgloi^aen  belowa 
A  ra«'ju‘>  of  asporina&tel  data  uaod  in  arrlviog  at  ronttda  (37)  <•  given  In  Tig* 
0l«  Tba  aurre  corr  .:*valiw  u  tha  thaoratiaal  Karttnolll<4jren  fomula  il  nlM 
ahown  there*  iTattlaaily  ail  tna  data  abown  on  tho  dingran  warn  obtalnnd  thrm^ 
oiparlnaata  with  •aronry  and  with  tha  autaalle  hlmth^ltad  allcdi  in  whiah  none 
atant  neat  riow  eonditlonn  fceTtlled  along  thn  tnhn  wnlla 


¥OU2Sk 
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1 

I 

I 


** 


m*  W.  Ci»p»rt«0«  of  osportuoUl  Atta  oo  Am!  troMfvf 
to  lltttia  wtolo  U  totoo  (•OMtaot  hoot  tlm 
•looA  «M  toko  «oU)» 


Fig*  81*  oaptioa  oontlonad 


(1)  2^'ViQom-Lyon  oulutiont  (2)  oaleul»*'.«<l  by  tha  forsiula  Nu  =  0«625»I^^*^l 
_i  -  Mroaquist  (mercury)  J  -  •  y  •  Isakoff  and  Draw  (insreury)}^-  Johnaon 
et  al  (msrcury,  eutectic  Fb— 31) ;  ^  >  MacDonald  and  Qultentlon  (sodlua); 

-  r:5.»T,  r  (laorciiry);  „  »  Johnaon  ot  al  (Ug»  eutectic  Ib— -Bi,  laminar  flow)| 

-  ’Jate:-n,"jyor  (eutectic  Ib~El) ;  „  -  Trefethen  (ffiareux7)|  •  Saban  (eutaeiie 

Pb— Bl);  -  <:2ngliBh  and  Barret  (mercury)  i  .  •  Untermayer  (eutectic  Ib«»  B1 

with  added  magnaaium)* 


The  varloua  authora  differ  aa  to  tha  effect  on  heat  transfer  of  adding 
vetting  agents*  to  mercury  or  a  Ib<>-Bi  alloy*  In  eartain  tests  such  n  strong 
effect  was  found  'Doody  and  Younger  .6(0  *  marcuryi  Untermayer*  Ib«— Bi  alloy)* 
and  in  other  tests  it  was  not  detected  at  all  (Johnson  at  al  *  aereury) 

Lubcrsky*  Fb— Bi  alloy)*  Sridently  this  diTorgenea  is  azplainod  by  a  diffaranoa 
in  the  conditions  of  the  tests  conducted  by  various  authors  and  primarily  by 
the  degreo  of  pirity  of  the  liquid  aetal* 

Turbulent  flow  of  a  liould  metal  between  two  rnrallel  planes  hestlna  fra^ 
one  side*  Tor  the  condition  of  constant  beat  flew  along  a  surface  Saban 
obtained  tha  following  theoretical  fonaola 


r  5 

Nil  ’‘(n.*-  :.s  n(K?iv®*. 
/ 


(59) 


^  A  Steal  surface  cen  be  watt«4  by  aaroury  or  a  Ib«-4i  alloy  if  a  0*1  to  OtSSL 
ot  sodium  or  magnesium  is  added  to  tha  liquid  aatal* 


¥Oi^55k 


i^ar*  tlM  Ml  and  B»  auabara  «r«  datanlMd  by  tha  aqulaalaat  dlaaatar  of  tbo 
ehannal  wiil<di  aquals 


iih‘»ra  b  la  tha  wUatbaca  betwaaa  tba  plaaaa* 

In  Fig.  oabaa'a  tbaoratlaal  aolutloa  la  eoaparad  with  tba  axjiarlaBatal 
datrt  Siaia  11?  fur  in:>rcur7  floalBR  iaridt  a  ebanaal  of  rostaagular  aroaa 
s^ictica  'ita  a  high  alia  ratio.  Gradual  foraatioa  of  aa  oxlda  layor  oa  tba  boat 
truajfer  aurfaea  wat  aotlcad  by  Slaia  (earboa  ataaX  wua  usad  for  tba  abaaial  uall)a 


•f 


rica  6Sa  Baat  tnoafar  to  aamify  flowlac  toaldo  a  slot  aboHoU 
(1)  Sabaa  aolirtlaaa 


both  8ld«»»  A  solution  to  the  ;roblMi  of  tbs  dlstributioa  of  tanpsrnturon  la  • 

liquid  flowing  bstwsoa  ):lstsa  wsa  obtnlasd  bj  Sobna.l4z!  •  found  tbo  foan 

of  ths  functions  rclstlng  tbs  Its  and  Tr  nunbsrs  (flgt  83}  w.'tb  tha  quantity 
* 

^  — /  '  ,  vbsrs  and  '  are  ths  taaieraturas  eorraspondlng  to  ths  first 

and  cccond  plates  rsspectisslj.^:  is  tbs  assrags  tenparaturs  of  ths  liquid 

bstwssn  ths  platsSt^C* 


W«.  53.  Tbs  J^stribitiea  of  t«sp»ratur«s  to  a  iiquid«ttal 
.*U*  two  boated  slatss* 


lot  us  ossuau  ths  eoufftotsat  of  htat  trootfor  fim  tne  wall  t»  tM 
liquid  for  slnglfstdod  Oostiag  squolo  «  •  Thoo  'is  dstsmiMd  by  FatiMla  (jS) 
floss  tbo  fuluss  of  I  oal  •  m  daosos  toa  soiaos  of  too  hoot  flooo  OB  ooA  of 

t 


ths  surfosoo*  «  sod  I  s  ohi  ibo  soloss  of  ths  toaforotoNO 
osa  ho  found  hy  soloist  Us  followiat  aystsa  of  fioo  ol«ihrolt  oquotioaat 


•  <.  «,  i-.  ...  ^ 
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Tboi;  tho  values  of  tbo  beat-truoAfer  cceffielasts  for  each  of  tbk  platea 
aqua Is I 


VA 


T'^-h  -.lont  flo/  of  a  llq  ild  aatal  across  an  amu^-AT  slot.  Lot  us  da&ota  by 
r  and  r  /  tba  eorraspondlag  outside  and  inside  radius  of  an  annular  siaea*  If 

t-  . 

tho  ratio  .—  is  approxiiaately  ons,  then  the  annular  slot  car.  be  treated  as  a 

'  t 

space  botvsen  two  parallel  plonoe.  In  tais  ch:.o  it  is  pcasible  to  use  the 
fonr.ulas  and  nathods  for  calculating  boat  exchaniis  described  above.  However* 
when  the  ratio  ^  1*4  a  more  accurate  method  ot  caleo^  tioa  is  that  prepoaed 

by  Bailey*  Ho  obtained  the  fonsulai 

^11  \u.  - 

,  ,  .C..,  (60) 
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I2b-  Air  4  •«  ‘  1 1*; 


The  I-Hi  and  Pe  rurters  ontcrln^  into  Tbrsula  (60)  are  detemined  by  the 

r,). 


equlTalent  diaiaator  which  •qual*i 

Relation  (60}  can  be  represented  in  the  following  simplified  foxm.i 

Nu  U7S ’.’.‘'•fci  '‘V  * 

4  'v/  / 


(6D 


In  this  expression  the  coefficient  of  beat  tranafars  OBl’Culated 

from  Formula  (33)  for  a  circular  tube*  Bailey's  fo.mula  was  confirmed  for 
allcali  metala  by  experiments  of  Wsroer*  Klxtge  sod  Tidball*  and  of  lyom*  Halls 
and  Jankins  95  • 

Tbs  sxperlmantal  data  of  ¥emer  at  al*  and  also  of  lyom#  are  ahewa  in  Tlgee 
84  and  83# 


wci-334 


Heat  transfer  fren  sodiua  to  ft  aodlom'potassiicB  alloy  vas  studied  by  Ball 
and  JoniclnB  94,' '  exehft&ser  vas  so  prepared  that  both  the  asdla 

exj’'unKlns  flowed  through  the  annular  spaces  between  the  tubes*  It  ns 
discovered  that  avec  a  small  eccentricity  of  the  heat  ezchan^er  tubes  relatlTS 
to  ont.  another  produces  a  strong  dlatcrtiou  of  the  temperature  field  la  the 
liquid  metal  circulating  in  the  annular  space  betveen  the  tubest  thle  la  tuTB 

I 

affects  the  int'naity  of  heat  exchange,  particularly  for  high  thenoal  atreeaes 
at  the  hoating  sirfaco  (^e^iter  then  4*  10^  keil/m  h^ 


ng*  (It*  Data  of  Vernere  Klhgt  Tldball  M  hast 

transfer  to  nt>-K  alloy  flowlcg  Ih  t»  anwilsr 
alet.  (1)  Ballay  foraulsi  ''  •>  Mil  K  olls^i 
□  •  7K  K  siisqr. 


•  Traulatuir*a  note.  Pusslss  orlglaai  setM  to  hso  •thonsl  stresssa*  la 
error*  Tbs  dlsoaeloha  auegest  that  *hcist  flux*  ns  istasisie 
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^e*  of  Lyea  oa  Ktat  traaafar  to  Ik^ 

ai lay  (4fiS  K)  flowiat  la  aa  aaaular  al«t 
;1)  Btiloy  fenaila* 


7^r<TM  r'l«iuaa  »*'f»  t. Tit vtloal  «L*lytil»  earrltd  cut  ky 
Ua  avtaort* 

Ikta  OB  Beat  traa»f«r  to  Ka  aaA  iia»  I  la  aa  aanalar  ayaeo  uara  oMalaa4  la 

toata  ky  Kill  aad  Jaaklaa*  aa4  aio  akoMi  la  r&c.  81*  Ika  traaafar  ooamtlaal 

MB  t^taftiaoi  tkroiatfi  oalattlatloaa  kaM4  ea  MaaMitaoata  of  tba  aeamtlaak 

of  kaat  traaafar  frui  tka  laalto  rla«  U  tka  aatat4a  allowlat  far  tka  tkamal 

a 

raalataaaa  of  tka  taka  uaU  •  Tka  aayarlaaatal  yelata  far  tka  laatia  rtac 


•  Oarkaa  ataal  (far  tka  Ma  taat)  aai  atalalaaa  ataal  (far  tka  Hi*  K  taata) 


teussk 
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<^loa«  ( iBsldo  ruiiiu*  r  '  =3.7  on,  ndius  r  ^  ^^*9  »}  *r*  glvM  im 

Tifi,  Sbt  A*  1»  olA«r  fron  t^«  a  :.atl»feett'i7  correBpondeBe*  betw««B 

yoTTQuIa  C^l)  and  asiwri»oBt  waa  obtaiBad^  axeapt  for  tha  traa  of  oaall  J^elat 
numbers  (lass  than  100  tc  i^}« 


Uo  'U  OdU  of  Hall  hsd  JanklbB  ua  hrat  iraaBfor 
fvT  aUtall  BBlala  floatas  la  aaaalar  aIota« 

(1)  Ballap  forauUi  •  studlus-paUBilw 
alltgri  I  •  MdtWa 

Tbrbttlaat  flo»  of  ■  liauM  Mtel  ttrwiA  BCdeirwiUr  dUlWlla  At  iniMl 
taa  aathoda  da?«l»pa4  f«r  oalawlatiH  haat  maafar  for  a  flew  of  XlvilA  aaUla 
thr««^  Boaalrwlar  atanfala  art  aaaa  !•••  tttUfaetonr.dva  to  a  wMbar  of 
Aimaalttaa  erlfiMtlag  ia  tha  BoarM  of  ttooratlaal  aa4  aaiorlMaitol  imatia 
•itlOMa  la  tha  ftrat  ploaaa  tha  hjrdroAyaaBlta  af  tartalaat  flw  to  aoMtoaoUr 
ahacaala  haa  aat  haaa  adavwtaly  atodtaii  aataahto*  tha  tBaparatara  aol  haat 


flow  along  th«  parimtar  of  tba  ehnual  la  act  ec.istaat  aA4  thair  dlatrlbvtlM 
ttay  be  emplex  la  eharaetar*  For  practical  purpoeea  It  It  moat  Importaiit  to 
icopw  the  arerege  beat^traoefer  coefficient  f'^r  the  entire  channolt  and  alto  the 
maximum  difference  of  temperature  between  the  wall  and  the  flowing  liquid* 

The  problem  of  heat  transfer  to  a  liquid  sietal  la  noaelreulsr  ehanaala  vat 
aolvod  by  Clayborn  for  a  sumter  of  channel  erosa^tactlcn  ccnflgurationn 
Irectaugle,  trlnogle,  and  elllpna)* 

Ka  rude  the  f aliening  asauaptloati 

1.  The  dlstrlbutlc:  of  the  specific  beat  flaw  along  the  perimeter  of  the 
channel  le  urlfozv* 

The  fclv-tty  liquid  flew  at  all  pcleta  of  the  chancel  crean  aeetlos 
Is  ;:cntant* 

T&a  brat  it  tfaasfxrred  only  threuth  moloeular  heat  eoadaotloa*  Thonn 
ae.xc-.;tfc9«  ore  necurata  for  unlfora  aupply  (reaoTal)  of  heat  to  (fren)  liquid 
m,'t  (1  s  ving  turbulently  in  n  channel  at  a  ccBparatleely  amall  Ttlonity  (te  100)* 
xlttthorn  obtained  the  follevlng  taluae  cf  Nu  autbart  and  taaparatura 
^iffat'  ncee  Ulquldwwall)  for  chenBola  of  wartoua  foiwi 
rt-tatglai  * 

the  jaiinna  dlffaraaaa  !•  tasparatura  of  the  liquid  aad  ualli 

•f 

lya  • 

where  q^  ta  tfea  heat  flew  with  raapaat  to  wait  lai^  of  aaaaMl*  muijk  hr# 
***TTir* 


Tuc  lAi  nuiu^et's  ar«  <i«terala«d  by  th«  «4ulT*l4&t  dluwtar 


where  t  i»  tb*  erct»-E>jctlcnal  area  of  th«  eteBaeXt 
i»  the  p«i'lii>at«r  of  tho  ehaaaol* 

roe  soccepi  of  tho  •qulvaloat  diu»t«r  Mb  bot  alwaya  b«  avpXlod  with  liquid 

c«t«la.  actually*  lu  a  nusbar  of  oaaaa  (flow  la  ebaaaola  at  ouparatiTaly  aaall 

2  3 

la  auabara*  for  azaapla*  whaa  fa  ^  10  to  10  *  or  flow  la  eloaaly  apaead  aleta) 
whara  tiia  xona  of  aubataatial  tasparatura  chaaca  aaar  tha  wall  la  eonparabla  with 
th*  ctuEjial  width  of  tha  uahaalaa  of  beat  traaafar  la  tba  ehaAaal,  la  priaalplo 
dtffara  froa  tha  Mehaaln  of  boat  asehaaio  la  a  o>xeular  tuba  of  aqulaalaat 
dlaaatar* 

tba  iataaaity  of  boat  axebaa^a  durlac  tba  flew  of  a  Ma-dC  allogr  tb  a  rao* 
tasfular  ebaaaal  of  12  X  1*3  woaa  aaetloa  waa  dataralBOd  bjr  TldUll  .  It2j  • 
Ibvau^lcatlobo  ware  eoaduatad  uaiub  a  boat  axabaagar  ooBOlatiac  of  two  raatab* 
ffUar  abaaBolo  aaparatod  by  a  tblb  (  *  0*5  wall  of  atalaloao  ataol* 

Tba  valuwa  of  tbo  baot-traaafor  ooofftaloata*  fouad  ttm  tba  ooofftaiabt  of 
baat  traaaaiaoloa*  vtrw  aleaa  to  tbo  tboorotlaal  eurao  obtalaod  for  rottobjilar 
ohabbola  bgr  Barriaea  aad  Naaka  •  Iba  raaulta  of  the  axpartaahta  are  ihew 

u  ru.  STa 
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87*  K«««  traBsf*r  for  flow  of  Ko— K  alloy  la  o 
roetoB£ulor  etaonsol  (1)  Sorrlaoa  oad  Mute 
foisulot  (2)  •xporUMbt*}  dot*  of  Tidball* 

.H..t  trir..-.f.»r  In  flctr-«ngo. Samoa  of  a  elreulttf  tuU  ttarbttloat  fl«w)» 
Foiculaa  (35)  (37)  t  abova,  oaa  tea  uaad  to  ealeulata  haat  traaafar  ealj 

for  ralatlva.'y  lo&c  tukaa,*lrca  tha  {rosa&ea  of  a  thanaally  ataMltiad  aaotlea 
laertaiaa  (ta  h«at»tr»fiaf«r  ocaffieiaat  la  taa  aatraaea  saatloa  of  tha  tab#* 
Aeeorllafi  tc  taa  ealculatioaa  of  Uyaalar  (lid*  &3}  <tvaraa.v  eeaffiatoBl 
ef  h«at  trnR  'fur  to  liquid  aet&I  t^aat  witu  Ida  Boat -tr!! oaf tr  eoafflaiaot  bayo^ 
taa  tharwally  atalllliad  atctiofl  for  rvlatlva  tula  laadtBa  ef  7  /d  *  ■wa» 
viu  aBort  tubaa  tt  la  atBoank  ry  bo  oaloulata  tba  boat>tr'Ui.'fer  ecofftetaat  «itb 
tba  OBtronra^aaotleB  fonaiUt' 
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rig.  88.  Cceparlaca  of  tho  oToragt  h«at>tr*a*for  eooffleioat 
Id  tubes  of  v&rloaa  relatlTO  loegthD  with  ib*  bMt- 
troitif^r  eoofrielDBt  btyoad  tbe  tbavoally  DiDblllMA 
aeetloa  (tvirbuUat  flov  of  a  lltutd  Mtal)» 

(1)  -i-  •  20|  U)  4-  -5®»  t3)  4-  •  10®» 

(4)  ^  *•  (rw  a  atablltiad  Motloa). 


Tb«>»-*«atetl  iBToatigalloaa  of  best  treaefer  durlag  turbitleat  flw  of  • 
liquid  Mbal  la  Ua  aatraaea  aaotloa  of  a  tuba  wera  eoaduatad  bgr  Dayaalari  aai 
alao  b/  ^paadlk  aad  Hlaar.  Oayaalw  aaalyiaA  bba  aaaa  of  aoaaUBt  boat  flflv 

a 

aloag  tba  haat-traaafar  aurfata  by  (aktag  tba  ataady*atata  valeelty  proftla  of 
tha  tuba*  ropaadU  aad  Ribaar  aiaaiaad  tba  aaaa  of  aoaataat  tabaowaU  taaparatuio 
aad  dlaragardad  tba  turbulaat  tbaiaal  aaadttctlTlty  of  tba  Itgaid*  iaa  to  tftiab 
tbatr  aalaak  ttoM  ata  aaawata  ooly  for  tba  ragleo  of  low  fc  BMbboroa 

tba  raaalta  of  tbaaa  atadtaa  for  aa  aatraaaa  aaotloa  wltb  a  ralattvo  laagtb 
of  ?  /d  ara  aaowa  la  figs  89  aa  tba  dapoadaooa  of  tba  avaroga  valoo  of  tba 
Ml  aiabar  for  tba  aatraaaa  aaotloa  oa  tba  M  aubbar*  TLi  oxparlaaatal  data  of 


Johnson.  Hsrtnott,  and  Clabau«h  fu^  ,  obtained  In  tsata  usiag  tha  aana  raUtlra 
length  with  eutoetltt  Fb— Bl,  ara  shown  in  the  saao  illustration,  Tasta  with 
tereury  wars  conducted  by  the  Indicated  authors  with  slaillar  results,  Fbpeadlk 
and  Harrison  usasurad  the  hast-transfer  coefficient  for  eery  short  tubes 
C  •  /d  ■■  J  to  2),  also  usidf  aerouiy. 


o, 


Wf.  89.  Heat  trasafer  la  the  estr.  oee  seetlon  of  a  elreular 
lube  durlne  turbulent  flow  of  a  liquid  ■etal# 

\1)  Daytaler  aolutieaai  (2)  ftpendlk  and  Ihlaar 
aelutioai  •  eipsrtavatal  data  of  Johnacn  at  nl# 


tn 
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Aeoording  to  the  data  of  Johnaoa  at  al»  for  a  B1  allogr  the  length  of  the 


thenrj>il7  etnbillzed  aeetloa  does  not  exceed  thirt/  tines  the  dleaieter  of  the 
tu^o(c&  viie  aT9ragO('^28d)  and  la  independent  of  the  Re  and  It  cuahera*  This 
length  Is  sa:v?vhat  aore  than  that  obtained  bj  Seban  and  ohinauhi  148  by 
theoretical  zk.iaa3  (  i  l6d}(  assuming  conetant  teaperature  at  all  points  of  the 
bcut~*ransfer  surface*  i  typical  /raph  eoujoring  axperljnantal  and  theoretleal 
values  of  the  l?cr>l  coefficients  of  heat  transfar  in  the  entrnnco  section  of  4 
tube  la  shown  in  Fig.  90*  On  tha  graph*  the  ratio  of  the  tube  length  to  Its 
lla;hater  la  plotted  along  the  soseiasa  and  along  tha  ordinataa  the  ratio  of  the 
local  heat«tranefer  ooafflciant  to  the  eeerage  Talus  fo^  the  entire  tube* 


rig*  90*  Ccaparleoe  of  eeleulatad  and  oxperiMtel  eelMS 
of  tho  loeel  hoat^rshefor  aooffielaate  fOr  4 
liquid  Mttl  la  the  eatraaee  eeetlen  of  a  tubOa 
(1)  liparlaaatal  data  af  Jehaeea  at  all 
(a)  Sabaa  aad  Shtaanakt  aalutlea# 
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!-  .i.Mr  ric-  ’n  tube",  -'-x-  itwalnrr-ficw  conditloasc  certain  reatilts  of 
iu.ujJl^'ition  i  '  ^  L,  it  tx\‘Ui3i'er  In  liquid.  non.-3tal’«  hare  been  applied  to  liquid 
-jt  >33.  '.'■.r-  .•-.._;p3e,  the  coafflrlent  o'  heat  tranofer  to  a  liquid  cotal  wltbia 

tha  outran, -o  ;.oc-tlcz!  o*  a  circular  tube  under  conditiona  of  constant  beat  flou 
*t3  3.!a.:th  t.U3t  03>xil  48/11*  A  /d»  -  hare  d  la  the  dlosKitar  of  the  tube* 
t  i  f  ive;  .>  c  .  >  .  •  i.i  jal  i.vlutioa  to  the  problea  of  heat  truosfer  in  the 
:  -.t.  a  or  f.  tuba  aurin^  l*:i3d.n.ir  flow  of  on  Inccapreaalbla  liquid;  the 
w  i..!  t  r-  raturo  v.-.  j  •  .  v.a  oonutOot  <;£d  the  flew  relcclty  profile  to  be 
;  x’^tollc.  For  roault  of  the  iolutloa,  co*  Fig.  91*  Tee  notations  on  the  eoor- 
Jjr.ate  axes  are  interpreted  in  the  follcwing  canner* 


2 

vh‘xre  q  la  the  heat  fltu»  Iccal/^  hr; 

F  la  the  hsat-tranafer  surface, 

-ent  average  i,eiiperatur**s  of  the  liquid  at  the  entrance 

and  exit  of  the  tube,  reapectirely,  ®C; 

L  is  tho  :ength  of  the  tube,  n; 

0  is  the  xojas  flcv  rule  of  the  liquid,  kg/hr* 

There  is  still  very  little  experimoatal  date  accussulated  on  heat  transfer 
to  liquid  mstal^uudor  loodnar  flow*  The  investieationa  on  boat  transfer  to 
mercury  and  a  Rj~Bl  alloy  conducted  by  Jobnaon,  Hartnett,  (urd  Clabaugh  Tlls) 
under  laminar  and  transition  conditiona  for  a  flow  of  metal  indicated  that  la 
the  area  of  low  Fe  nu^ilK^rs  (F^IOC)  the  intensity  of  heat  tranefar  falla 
sharply  (aea  Fig.  $?)• 
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ng*  91.  Heat  tranafor  during  laalur  flat  of  a  ll^uii 

la  tha  antrasca  eactlon  of  a  tuba  (t^  s  aoast)* 


FlCa  92i  Baa*  tMoafor  to  oaA  %•  autoatia  allav 

duriat  ^  flat  of  a  Xlqald  aatal  la  a  oiraalar 
tiAa*  (1)  NarttaaiU-l^oo  •latloai  (»  aaparlaaatal 
data  of  Jbhaaoa  0%  alt  (j  >  aaMuryi  0  •  oadaotlo 

IB-  Ma 


m 

( 


M0b45« 


Heat  transfer  duriut  flat  of  m  llnuld  iwtal  In  the  seqc*  betwee 


(longitudinal  florf  paat  tube  Keet  transfer  la  anall  heat  exebaacera 

using  allcall  netals  has  been  studied  by  Tldball  ^l£^*  •  XaeastlgatioBS  ware  OOB* 
ducted  on  a  labors tory-type  she ll«4Ukd ■■tube  heat  eictinger  whleh  eonslstad  ot 
nineteen  tubes  with  uk  outside  dlsoeter  of  about  J  m  laeloaed  la  a  eyliadrtaal 
ahell  with  an  inside  dlsaeter  of  22  tant  nclton  aodlun  flousd  loagltudlaally  past 
the  tubes.  A  aodiua«potessivun  eutsutle  a^loy  (782  K)  was  circulated  laalde  the 
tubes.  The  flew  nrouad  the  tube  cluster  was  nut  longitudlaal*  strictly  spesklaga 
beeauss  lateral  baffles  were  lastalled  Inside  the  shell.  By  aassurlaf  cha  hast" 
trancoklsslOB  coefflcleat  the  aTcrage  coafflclaat  of  heat  trsaefsr  froa  the  sodlua 
betwoea  the  tubes  was  aua^ted  by  the  authors  while  the  ecsfficlsat  of  hast 
transfer  froa  the  alloy  flowing  Inslte  the  tubes  was  calculated  with  the  Kartlaall^ 
Lyoaa  ,  l^i  f cruula.  The  reuulta  of  the  ezp>>rle»Bta  arc  ahowa  la  Flct  fje 


rtc*  93«  rfaat  iraaafsr  la  the  apaaa  hatvaaa  tahaa  of  aali 
hast  anchaaierai  aodliM  ead  Na<o  X  alliVe 


« 


Brookt  and  noaaablatt  atadlad  ii«>t  traaafer  trv*  aodl«n  to  •  aedltw* 
potasalua  •II07  la  a  sh»\l«ttnd«>tuba  ha«>t  azobaagar*  Inalda  tha  ahall  of  tha  heat 
axehangar  Na— K  C)  alloy  elreolatad,  flowlag  logitudlaally  jaat  a  baBk  of 

7^  doubla  tubaa  ('tuba  ia  a  tuba*)*  Sodivat  elreulatad  la  tbi  iaaar  tubaa  aad  tha 

a 

spaca  batweinn  tbd  outar  and  Iaaar  tubaa  wa»  filled  with  a  Na— C  allay*  Tha  tabaa 
vera  uda  of  nlolcel*  Togethar  with  tUa  ha*t  axeban^rs^  Grooka  aad  Roeaablatt 
oooduotad  maasuraaaata  of  tha  haatotraasfa?  ocofflelaat  with  a  ;'taaa  geaarhtar 
ualng  a  aodluB'potaaaluB  alloy*  Za  prlaelpla*  tha  atruetura  of  tho  atoaa  •Haia* 
tor  waa  aaalcgoua  to  that  of  tha  haat  ozahaagart  tha  apaea  batvaoi  tho  otttor  aal 
Umar  tubaa  uat  flllad  with  a^revury*  TVpa  347  atalalaaa  ataal  waa  uaad  far  tha 
tubaa* 

Tha  haat«tr<ia.*far  eoafi'iciaata  ia  tba  apaea  batvaoa  tubaa  wara  eoaputad  by 
tha  autbera  froa  tha  hoat^tnaafar  eoafflolahta  ih  a  haat  axehaa^ar  and  ia  tha 
avtiporator  of  a  ataaa  fiaaaratort  oaly  tavta  with  a  boritoatal  haat  axahaafar  wara 
eoBaidarad*  aiaea  ia  a  aartlral  poaitles  tha  fraa  eooaaettnt  of  tha  liquid  aetal 
la  tha  apaea  batwaaa  tubaa  tic»  io  affaet  tha  haat«traaafar  proaoM* 

Tha  raaultt  of  tho  ozporiMBta  of  Brooka  »d  Renablatt  (7i<*  94)  art 
daaaribad  hy  tha  followiac  fuaatiast 

whara  tha  Da  aad  Bi  wabbara  wara  talealatad  aalay  tha  oataida  diaaatar  af  tha 
taha  haaki 

^1  ia  taa  oroaaoaaatiaaai  area  far  paaiaca  of  tha  lifaid* 
ia  tha  haat^traaafav  rtrfaaa*  a^o 

laaaaaa  tha  ralatlaa  apaaiad  af  tahaa  la  tho  aaayotatar  laaii  aaa  ■ahataa* 
tUUf  lartar  thaa  far  tha  haat  asahaac^*  tha  ratia  flaataatad  aithia  hraad 
lialta  la  tha  taata  af  Icaaka  aad  Winahlatda 
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ris*  94*  lUtultt  of  Cr«<«40*  uS  DoMBblott**  osyarlaooto 

oa  boat  tr^Bofwr  to  tbo  »paM  batwooa  toko*  of  •  baot 
•tebucar  «»l  •  vattr  ovoporttor  ooUt  alkoU  M»tol«* 


.  •  wttb  f*i**o4  olmlotteo) 


oUb  iMttiral  «tre«Ua%ita|  X  •  boot 


•wpentor 


Xoo*  av|Ma«  mA 


OMyor  >0V  toiAwotoA  !••%•  o*  Mo%  tvooafor  far  a 


riav  af  I 


ias%  a  aiaigini  tuba  task*  TWap  atoAloA  tto  affaal  m  boat  traaafHr  af  tka 
frt)  faatarai  oalaatlp  af  «%a  flaa  af  aaUU  «ba  ratotlaa  paalttaM  af  tfes 
takaa  la  tfea  baak  aaA  tka  aatarUl  af  tka  taka  aarfbaaao 

tka  lalatlaa  aafivatlaa  «ttk  faapaak  ta  tka  alAlk  af  Ika  baak  «ia  •)/!  •U^ 
aai  «1U  raapaat  %a  Ita  4a|lk«  t«a«*  U  tka  ilNaUM  af  tka  flaa  af  aabal«aak 
X^/l  aaxaf*  Cofiar  tataaf  aa  tka  aatarUX  far  Ika  labaai  ttair  aalar  aa fkaaa 


a  aa  tka  aatarUX  far  Ika  labaai  Uair 


atfUau 


plataA*  lafaral  uata  aara 


akXak  kakaat 


MOUdSI 
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plated}  tbia  ponoitted  the  mercury  to  form  an  amalfao  with  the  surface  of 
tho  tube  and  wet  it  veil.  In  tests  with  a  ehroEQS'pleted  surface  It  was  found  that 
<' or  tubes  located  in  the  in;:erior  of  the  bank  (beginning  with  the  t?ilrd  rov}t 
the  dependarce  of  the  heat-transfer  coefficient  on  the  flat  Telocity  of  the  metal 
can  be  represented  by  the  erpressiont 

where  is  the  average  heel-transfer  coefficient  over  the  circumference  of  the 

o  O 

tube  kcal/m  hr  Oi 

\'  ie  the  velocity  of  the  llquJd^tal  flow  in  apace  between  the  tubas 

.v^  A 

ccmputod  for  the  nr.rrovest  section  cf  the  banks  m/seei 

'  is  the  outside  diameter  of  the  tubes  in  the  bank*  mi 

2 

0  is  the  kineiatlo  viscosity  of  tha  liquid  metal*  m  /sec* 

The  authors  obtained  the  following  function  for  the  heat-transfer  coefficient 
cn  a  ceppor  heatod  surfaces 

»  IS 

A  compaxisoD  of  the  experimental  data  for  both  rurfacea  is  given  in  ^ig*  93* 
Heat  transfer  fkoo  the  tubes  in  the  first  row  cf  the  bank  Is  shown  in  fig*  9^ 
AS  is  clear  when  Pigs,  93  and  96  are  ccepared*  a  ncticeeble  reduction  in  bent 
transfer  for  the  first  row  of  the  bank  in  eoaparieoa  with  the  third  and  otbnrn 
was  observed  only  for  tubes  with  a  chrome-plated  surface* 

MaeSoff  and  Mausteller  studied  heat  transfer  to  a  Ke-^  (3tt  lOnlloy^  an  it 
flowa  tranavaraely  paat  ataggored  and  in-lina  tuba  banks*  A  Na— <  alloy  alao 
circulated  iaalde  the  tubea*  and  the  heat-tranafer  ooafficlant  in  tha  spaea 
between  tubea  waa  datarmined  by  calculating  the  haat-trananiiaiM  coaffialant* 

Tha  diameter  of  the  tubes  was  12*5  «■!  i“  in-line  bank  they  war#  arranged 


with  TalatlT^  cpaelBe*  of  S^/d  ^  1*24  (vith  rospoet  to  tho  vldth  of  tho  huki 
and  S^/d  ~1.09  (vSth  raapeet  to  tho  dopth  of  tho  baiik)t  is  tbo  staggorod  bask* 
tha  spt  elng  waa  S/d  —  width  and  dopth  of  tho 

bask.  lo  Vha  Rejuulds-nuabor  ranga  3^)0<  Ra^70»000  tho  authora  obtaisad  a  hoat> 
transfor  c. 'officiant  for  rowa  of  tuboa  loeatod  in  tha  iatarior  of  tho  bask  whlob 
own  ha  re;::'«r  stad  bjr  tha  ajoationai 
for  a  •tut'gerad  fa:± 

«5) 


for  is'llsa  bask 


.  V-'- 


i  ...j 


(M) 


Tha  atoa  sststio;.#  ara  uMd  is  fom^aa  ($5)  utd  (&&)  as  is  FomUa  (43) 
aad  (44)a 
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rie*  93*  Heat  tracafer  froa  tuuas  cf  a  bafik* 

is  a  trassTorse  flow  of  nereuiy  (for 
rcwa  of  tubes  located  is  the  interior  of  tto 
bacjs).  (1)  Copper  tute  aurfaee,  (2)  ehrcM* 
pjated  tuba  aurfaea* 

(a)  X  keal^^  br  *C» 

.  .  -•  (*' 
t 

M- 

•i 

.  X  , 

» •  b 

ng«  9ie  Beat  traxafar  f)r«B  tabaa  of  tba  flrab  row  of  • 
ataucrad  bank*  tawraad  U  a  traaavaraa  flow  of 
■araacy*  (U  Ceppar  tuba  aurfaaai  (p)  abrowo 
platad  tuba  atrfbaa* 

(•)  ^  X  10*^.  kaol^*  br  *b« 

//j 


24*  Hast  Tranafar  durla.-;  BolUng  CondeRsatlai 
Heat  transfer  for  bolllna  llauld  The  amount  of  exparlaontal  data  la 

the  literature  on  heat  transfer  frca  boillas  liquid  metala  la  otacar* 

The  experimental  ^ata  of  Parmer  and  Ijron  on  the  boiling  of  aodlua*  a  aodiiaa* 
potassium  alloy,  eadmiuniy  and  siercury  (pure  and  eontainlng  added  vetting  aganta) 
are  shewn  lb  Table  20.  This  data  is  also  graphically  shown  la  Mga.  97  throv|^ 
99t  lu  Pig.  100  a  cacpaxlsoa  of  the  heat»tranbfer  eoeffielents  of  Tarious 
belling  ll<iulds  is  glTea« 

TAfilB  SO 


EzpariBsntal  Hits  on  Heat  Transfer  from  Bolling  Utuld  Metals 


U) 

(B) 

(C) 

(») 

(B) 

Liquid 

Texper* 

Material  of 

Temperature 

RsEgo  of  heat  fluas 

ature 

tbo  heated 

drop  t* 

^  kealAi^  hr 

U  ‘c 

surfaas 

(F) 
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Horeury 

Sad.lua 

(0) 
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>Uroury 

ecotaining 

Copper 
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(B)  Ckrow 
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^8*  97*  Ko&t  transfer  flroB  boiling  soditB  and  boiling  sodim< 

potasstua  allogr  (36  to  39^^  1^}*  ^  *  Sodlua 

O  •  Na— K  allogr*  (a)  q»  kealAt^  brt 

(b)  taaparatura  drop  equals  tho  teaparaturo  of  tho 

o 

surface  minus  the  temperature  of  the  liquid  0# 
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Fig*  -'“'t  transfer  frua  boiling  nereurx  ud  ondmiia* 

•  Ke  '»'}'|  ■;-'  *  cadmlust 

(•)  kenl/B  hri  (b)  twiperi^turs  drop  OdVal* 
tb«  tnoperaluro  of  %Im  surfoe*  ainus  tho  toapors* 
two  of  ilM  *b» 
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Wg.  55.  tr«naf«p  ftroa  belling  aarcupy  eoatninlag 
edditlTaa  of  Na,  Kg,  ti.  (1)  ftnar  nolutloa, 

C  -  O.U  »•{  V  .  0.02S  Mg  aid  O.OOOIX  Tl* 
(•)  J»  kealA  brj  (b)  tomperatura  drop  a^uala 
tba  tamporatura  of  tba  surfaea  nlnua  taa 
t-^;:  rstura  of  tha  liquid  ®C. 


J 


Tig.  100.  heat  transfer  from  Tarioua  boiling  liquid*. 

(a)  s  •  !:v«l/B  tar  Ci  (b)  tamparatura  drop 
aquala  toe  texperatura  of  tbo  aurfaeo  odnua 
the  tespiratur*  of  tba  liquid*  ^C;  (e)  aareurp 
(0)  irjireurp  (0*02St  Kg  and  O.OOllS  Ti)i  (a)  nereurp 
(0.1a  i;a}|  (f)  vater;  (g)  eadmiua* 

As  azaalBotioa  of  ttaa  labia  and  graptas  clearly  ahova  that  aodlua*  aodiia* 
potaaaluB,  and  nereury  containing  dlstolTod  addltleaa  ylald  tb*  aailam  Intanaltp 
of  boiling  beat  tranafan  bar*  tb*  taxporatur*  dropa  batwaaa  tna  liquid  and  vail 
do  not  axoaod  11*  C.  On  tba  euraa  corraapondlag  to  boat  tranafar  to  Bareurp  vbian 
eontaina  O.Ut  aodlua*  a  aanlam  la  obaarrad  iadleatlag  tb*  baginniag  of  flla 
bolUagt  a*  vapor  bubblaa*  fendag  on  tb*  boating  aurfaao*  unit*  into  oaa  *oa> 
tiauoua  fllB  and  tb*  iataaaltp  of  boat  truafar  fallaAarplp* 

la  iaportaat  factor  affaatiag  tba  preeaaa  of  boat  traaafor  froa  boiliag 


liquid  aatalt  la  tb*  wottlag  of  tb*  boating  aurfba*  bp  tb*  boiliag  liquid*  Zf  tb* 
liquid  natal  doaa  aot  vat  tb*  baatlag  aurfaoa*  tbaa  flla  boiliag  caa  boaea*  tb* 


only  type  of  boiHug  pcaslt;l«|  thla  was  otserred,  for  exampla,  with  boiling 
isercuxy  and  cadffiiua  on.  a  slaloleae-cteel  hentlng  aurfaea*  Whan  0m\%  sodlua,  or 
0,3S  ma£BoBlum  and  O.OOOlS  titanium  la  added  to  marcuryj  tbo  heat-tranafor  oo» 
efficient  darlno  boiling  Increased  by  approxlsately  ten  tlaes*  vheroas  the  offaot 
of  adding  B^ilum  and  znasnealun  (with  traeea  of  tltanlxm)  on  heat-tranafer  rarlaa* 
Witt,  boiling  mercury  end  a  copper  haatlng  airfaee  (as  la  )csown»  copper  and 
mercury  fom  an  anwlgrjn)  •  hoat-treesfer  ccefficlant  twice  aa  large  at  that  for 
boiling  at  a  ctrct-s-plated  surface  la  obtalnad* 

With  fila  boiling  of  liquid  matal*  the  hnat-trnnofor  coofflolaut  eaa  bo  OToa 
lower  than  the  heat-transfer  coefficient  for  free  conTecticn  without 
la  Fansur  foundi  In  cooling  the  Identical  aurface  with  boiling  and  nonboiliag 
tooreury.  •-  —  240  kcal/m^*  hr  ®C  waa  obtained  for  the  first  eaao*  and  -s  — 
2400  Itaal/^*^*  hr  ®C  for  tho  aaoond*  Tha  heat-transfer  ooeff talent  for  flla  boil¬ 
ing  of  a  liquid  Bketal  ie  uaually  »  lev  that  the  uao  of  liquid  aettl  heet-treaefor 
Bsdie  under  there  ccndltloae  hea  ao  soaperatlve  edveatagOe  tot  ezeBplOf  o?#r 
water  (see  Mg*  100) •  Therefore  It  la  saoaaeary  to  roourt  good  votttag  of  tha 
heating  aurface  by  a  liquid  natoU 

Tha  data  given  above  vas  obtained  after  prc.'.cogad  teatai  It  la  iBpoaalblt  ta 
conflra  that  In  the  proevsa  of  prolonged  operation  of  heat  ccchaagara  tho  latoa* 
•ity  of  beat  tranaf«r  during  boiling  vtll  roDola  uarhaaged* 

Heat  traaafar  for  q9pdonalne  llouldi^tatfl  vanore.  Miatolt'a  vall-kaova 
tboorotlcal  lolutloa  partalaiiig  to  tha  aaaa  of  laadaer  flow  of  a  eoadoauta  flla 
fcrnlag  oa  a  vortieal  plat#  ylolda  tho  follcvtag  axpraaaloa  for  tho  oToraft  beat- 
traaafar  ooafflcloat  ovor  tha  owfliooi 


•  Gonflxniac  tha  exparlaeatal  roaulta  of  tha  .  Control  Soloatlfto  Koooaroh 
Zaotituto  for  Bolloro  oad  Turblaoa  obtalaad  la  1937  through  1939  **  oditor*a  aoto. 
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(67) 


Vbe>r«  G  Is  the  condensate  mas*  flM  rate  per  unit  width  oi*  fils*  kg/B>hri 
r  la  the  latent  heat  of  Taporlzatlon  (eocdeiiBation)(  kcelAsi 
L  is  the  length  cf  the  plate*  ■) 

^  t  la  the  difference  ^  temperetutes  of  the  wall  and  the  eondeneinc 
vapor,  ^C» 

Thif  function  le  aleo  shown  in  Fig.  101,  uaelng  aa  coordlnatea  the  Talues 

I 

,  n’  and 


The  theoretical  fcmula  fur  condensation  of  vapor  for  a  aingle  horiaontal 
tube  (or  for  ecreral  horizontal  tubes  in  a  vartical  bank)  taken  the  following 
form 


s'  • 


(68) 


where  ^  '  0  la  the  nux  of  the  dlear«tera  of  ell  the  tubes  forming  the  eondenutlos 

■urfeoe* 
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Fie*  101>  H«tt  tr«o«f«r  for  conAcfitotloa  of  tt*  toporo  of  ica* 

U4«il4  wiala*  (1)  Nuotolt  soluticoi  (2)  Soboa  tolutloa* 
(t)  Mrcvurpi  (b)  aedlua* 

It  la  bo  ba  aziaobad  that  Fonulaa  ((?)  aad  (68)  ara  uaafUl  for  aalaalatlai 
boat  traaafar  durlac  tha  eocdaaaatioa  of  Ittuld  aatala*  aUaa  tha  aalaa  of  tiM 
Fraadlt  awbar  doe*  act  affaet  tba  raaulta  of  tha  thaoratioal  aolatlea  for 
laataar  flow  of  a  eoadaaaata  fila* 

Aa  aaalTtlo  laraatlgatloa  waa  soadaetad  bf  Sabaa  for  boat  traaafar  dirlat 

oeadaaaatloB  with  a  Araadtl  auObar  wytat  frca  0  to  j  for  tarbalaat  fila  flor 

(ng*  101)*  Zt  waa  fouad  that  la  thta  oaao  tha  Ihtaaalt  auahar  for  liqold  oatala 
■9  "Sv 

(fr  ■■10  —  10  )  aaa  bo  OMllar  thaa  taa  Nuaaoli  auabar  gltoa  by  tha  thaory 

/^7 

\*  • 


of  ths  lamina*  flov«  Kxx^tirimental  on  condenbatlon  of  norcuiT  vapor*  or* 
also  ^ovn  on  Fig*  101.  A*  J*  clear  frca  the  flgurOf  tb*  obaerrad  beat  trao*f*r 
coefflciont  Is  slgnifleantljr  less  than  the  calculated  one.  This  llfferenoe  caa 
be  explained  by  tba  prcconce  of  additional  tbemal  resistance  on  the  separatiM 
surface  «en  rr-^-^nate  and  wall* 

Ezpjiifi-ental  date  on  heat  transfer  during  condensation  of  sodlusD  vapore  are 

glvr?n  in  Xebie  21  and  in  Fig.  101.  These  data  refer  to  aondensation  on  the  outer 

aurfarc  of  a  tube  coE-^lsting  of  a  nusiber  os  sections  and  made  of  stainless  steel 

•0 

and  nickel  (by  sections)*  Tha  tube  was  placed  at  a  45  angle  to  the  horixontelf 
its  length  was  IjO  caj  and  diameter  30  na.  Although  it  was  to  be  expected  that 
the  h?at -transfer  coefficient  for  the  Inclined  eurface  would  bo  less  than  the 
theoretical  value  found  for  a  vertical  surface,  the  difference  between  theory  and 
exparlcent  was  extremely  great* 

TABLB  21 


Hoat  Transfer  for  Condenrirg  Fodlu®  Vapor* 
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Fcr  rou^ti  ealeulAtioa«  it  Id  poaalbla  tc  aasune  that  th«  faluaa  of  heat* 
tranafer  eooffielanta  for  ccadaoalDg  lltuldt^tal  Tapora  will  aqual  0  to  iOt  of 
tha  thaoratloal  Taluoa* 


CCi-riCoIC:;  Pr.CF'-;-<TIiii  CF  iTrilA:TUh«L  n.  liquid  KiTAlS 

svoYiTVA 

rX.—a .'l.^-RTUICV  V  2:/.IDKU-'JiTALLICKF^jafji  SWDAXHJ 


Cnaptdr  IV 


By  studylQg  the  reactlcn  of  a  liquid  autAl  and  tbe  solid  surface  of  soom 
structural  -naterlal  (also  a  xetal  as  a  rule),  it  can  be  established  that  tho 
iritersoluililty  of  tho  luetals  and  the  forjiatJon  of  Inter.oet allic  compounds  play 
a  icie  in  this  process.  A  definite  role  is  played  by  the  fonnation  of 

chenical  compounds  of  the  oxide  type  in  a  system  and  Che  penetration  of  liquid 
between  the  grains  of  the  solid  metal.  By  analyzing  the  equilibrium  condition* 
for  the  chemical  reactlcns  accompanying  the  reaction  of  a  metal  with  a  surfaca 
washed  by  it,  It  is  possible  to  ascertain  tha  direction  of  tho  process  but  not 
its  rate,  which  must  be  determined  by  experimental  means* 

When  the  intersolubillty  of  tha  liquid  metal  and  tha  wall  material  within 
the  working  tamparatur*  range  is  wary  low.  then,  as  shown  exparlfflentaliy.  It 
has  little  affect  on  the  corrosion  realstanee  of  tbs  material. 

The  formation  of  Intarmetallie  compounds  Is  underslrablsi  in  certain  easaa. 
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howerer,  a  I'ilJi  of  the  crmpound  prr>t«cta  the  surfaco  of  the  seterlal  from  th« 
aggressive  actioc  of  the  medium* 


A  te.iperature  differential  in  the  system  affects  the  solubility  ebsraeter- 
Istlcj.  It  often  happens  that  solubility  is  very  low  under  isoteenul  eon* 
ditiens,  since  solubility  is  accelerated  by  the  transfer  of  solutse  from  a  hot 
region  of  the  system  to  a  cold  region*  where  the^a  solutes  separate  out  of  tho 
solution.  They  settle  on  the  surfaces  of  tubes  and  can  somotlmaa  clog  them* 

The  effect  of  asisi. thermal  conditions  on  the  coiroslon  imte  dlffora  for  different 
materials.  For  example,  the  rate  at  which  iron  dlssolvee  In  aereury  depende 
strongly  ?■'  difference  in  the  temperatures  of  the  hot  and  cold  regione* 
while  the  ruts  at  which  irn  dissolves  In  sediam  depends  only  slightly  on  the 
temperature  dlffsrer.:?.  Certa‘n  Impurities  ir  a  ;i,,uld  metsl,  oxygen  for  ex¬ 
ample,  accelerate  the  rate  of  dissolving* 

Any  coapontiit  of  the  mutarlul  may  he  trunsfarred  from  one  pert  of  a 
syetem  to  another,  even  when  no  teaperatur*  grvdlent  exiate*  la  the  flret  pleee* 
such  tiacsfer  can  res.  It  from  t.hc  use  of  dissimilar  «vtslc  la  different  parte 
of  the  .'t/stea.  Actually,  l^t  us  aseu  a  ih-.t  pstt  of  tbs  system  le  aade  of 
K.'tcl  ahc  part  of  yietel  b,  and  that  the  ..etsls  «  uhd  3  ere  able  to  fora  0 
cheaicsl  co'.pcund  or  e  solid  scluticn.  If  r.etal  A  diMulvet  in  the  liquid 
(evoa  If  only  In  very  a.mall  ameunts).  It  will  be  treneferred  by  the  llquU  to 
the  surfeoe  of  aetel  fi  end  reset  wlt'w  tae  latter*  In  theory ,  euoh  a  tnoofor 
oen  oon*l>'ue  iadeflnitolyi  la  pnctlee*  howover*  It  will  gmduolly  deeoloroto* 
since  tea  layers  of  the  solid  solution  (ecxpouadj  prevent  aetol  h  frai  reoehlat 
the  aurfnet  r  aetel  h*  In  tne  neeond  plsce,  sertelo  eleaente  nro  tnamfomh 
when  there  le  t  dlffaroaee  la  eleetrle  potential  betweeo  the  llguld  emUl  Ohi 
the  well*  Soae  authors  racoaaeDd  uotag  this  effoel,  etUod  oloetielytle 
dlffueloh*  to  redueo  eorroaloa  lo  o  lltuld-aotol  nehliim. 
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"iu  fcr.c'atloQ  of  chemical  compcuiula  on  tha  surfaca  of  structural  aatarials 

la  chlrtfl  ■  ^de  to  the  presence  of  lu^iurltlea  In  the  liquid  netal.  For  extimple, 

admixed  oxygen  ccusea  a  flla  or  a  material's  own  oxide  to  fox's  on  the  surface, 

provided  taat  this  oxide  is  cUv^ulcally  mors  stable  '^han  the  oxide  of  the  liquid 

metal.  By  c>..  Larin,  taa  free  enai vy  of  reaction  for  oxidation  of  aetals.  It  ean 

1 

oe  eitabll5-;«c!  .hv-.n  i-ariicainr  oxide  will  ..o.-t  probably  form.  The  oxide  flLa 
on  tne  surface  cf  h  material  c..r.  r.ave  a  positive  or  negative  effect  on  increasing 
corrosion  rcsxutance,  de;ei:di..^  on  '.'betaer  it  Is  dense  and  stable  or  •'■trous  and 
unsteble. 

Sc'.etuics  kue  corrosive  effect  of  .«  liquid  metal  Is  dlaln'shed  by  an  admix¬ 
ture  of  special  aubotunoes  •  Inhibitors.  Introducing,  for  example,  titanium 
or  tir^cnius  into  r  rcury  can  elin'Mtate  oorrosicn  of  tha  steel  In  s  Mreuiy 
iustailatloB.  lae  neohuol*!  hy  waleb  Innibitvra  function  la  unclear,  Neverthe* 
lass,  it  Is  known  tUt  wuere  the  presence  of  oxygen  tn  the  system  Increases 
c.i'icslcc,  the  effect  or  the  Inhl'oltors  la  based  cn  tindlng  the  oxygen  Into  oxides 
which  urt  lp«rluble  in  the  liquid  metol^* 

fnv  rcls  or  ,  r.ctrstloc  of  llqulc  toiweer.  ;r>lne  of  tho  sclli  material  In  toe 
cvexwxi  frveeaa  of  ecrrvatvD  depends  oo  the  c  <r;*>:tttoe  of  the  moteriol  sad  tfes 
eoaditiun  of  its  tk.facr  it.#,,  its  treatoeBb.  os  the  dlstrtKctlcr.  of  islenol 

^  The  greeter  toe  free  rner^  of  frraattoo  of  the  shtmieel  coopoomd,  tho 
grodtor  Ue  proOablltty  of  o  foimottoo  motlem. 

^  a  hypotheaia  of  t-.o  aeoasotsa  of  tho  oetteo  of  lohtbttoro  U  MNuyy  hot 
0«eo  set  forth  by  aeedeataUe  K,  T.  Sudtaoe  (K.  T.  Oedtoof  msd  M.  K*  aoetoi 
moot  of  0  Mertiuy  Heot-innsfor  Medims  om  dttol  im  Fowor  »luto,  lad*  *M  dtn, 
editor's  oeto. 
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stresses  in  the  surface  layer,  etc.  A  typical  example  cf  iDtergntnular  penetra- 
tloc  is  the  interaction  of  mercury  and  a  brass  surface. 

At  hitih  liquid -metar  flew  ratea, especially  with  the  haaT/  metals  where  the 
flow  has  corslceruble  iflnttic  energy,  erosion  of  structural  materials  hacooes 
noticeable.  Ac  yet  very  little  experimental  data  has  been  accumulated  on  this 
>,ue:rtloii«  Aijuoruiug  to  jeuerioeu  Oeta  the  iiiaximum  permissible  llquld*metal 
velocities  ait  toAoh  to  be -•  3  i/rec  (for  bismuth,  lead,  and  mercury)  and~8  o/see 
(fur  s(«iium  and  l.'a-£  alloy). 

Laboratory  tests  of  the  atabUity  of  materials  in  Xiquid-metnl  medin  are 
Usually  conducted  uhu«r  conditions  eicilar  to  actual  condltlonn.  The  liquid 
coatainer  ic  made  either  of  the  specimen  ;uiterial  or  »  snteriel  which  does  not 
interact  with  the  liquid.  The  surface  of  the  liquid  metel  is  protected  fros 
oxidaticn  by  e  cuisicn  of  inert  gss.  Trenelation  of  toe  specimen  relative  to  the 
mcltec  metal  is  arhie\'t.d  by  free  ooDveetics  of  the  liquid,  rotation  of  the 
epfcliar.  er  speeuivo  ht  ur  tutxvi  s.tlcs  of  the  liquid.  Tests  of  turfscs 
erosicn  of  tne  itoterial  unier  cnvitntton  are  cendueted  at  lowered  prvssurose 
lu  ail  e«v  j  th-'  Ic^r  e  :f  vuttsf.Uty  of  the  surface  of  the  specimen  hy  the 
liquid  utal  is  checked* 

Table  tc  contalrs  s  sucihhry  of  the  iaforastica  os  the  eurrosioa  reslstnaos 
of  etruotuml  materials  in  liquid  wetnls  et  three  trapamtures i  300,  690,  uO 
MfiO, 

Za  ciMpilisg  the  taUlo  of  oorreeioa  reoistanco,  the  foUowia«  vsluoa  of  the 
rota  of  eorcooioo  ««ro  uato,  to  corroepond  to  *(ood,*  'limited,*  ssd  'poor* 
stability  of  a  nstorial  ia  •  asdiw* 

Such  relatiesly  strict  rofuiroasats  for  oorrotioa  roBitUaot  ars  ast  hossMSO 
the  walls  of  liquid^jotal  hoot  OBdaaB«rra  are  asfo,  as  a  Mlt,  rather  thla  to  as 
to  ebtoia  tha  lar«pist  poasihla  haat'ttaoefar  ecafflsiaat*  • 
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Rato  of  corrosion,  cnvV*®*’ 


Less  than  1 
Froa  1  to  10 
Above  10 


Mirro  1.'  J  inforaatlon  on  tb“  cctx'osion  reslstanue  of  various  siaterlals 
in  ] ‘.ciuid-iiotai  .;iodia  ij  given  below. 


Good 

Limited 

r-cr 


23.  Sodlux.  Fotusaivd,  and  their  Alloys 
(Table  23) 

Metallic  nnterluls.  Infoncation  on  the  stability  of  certain  xaterials  In 
alkali  aetala  has  /«on  a'canulated  over  the  aiany  years  in  which  the  alkali  xetala 
have  been  produced  ui.d  used.  However,  this  Inforcatlcn  pertained  to  the  low- 
te.i.peratur^  range,,  es  a  rule  only  sllguily  exceeding  the  aelting  point  of  the 
actal.  Under  these  conditions,  it  was  found  for  exaciple  that  nonsal  slid  steel 
does  not  suffer  under  the  ax’^resslvo  effect  of  aclten  ;9C>dlu;u,  oven  under  very 
prolonged  octl-.n  (iw-13  yuau;.  In  the  course  of  continuous  service  of  sodius* 
cooled  aviation  internal >cc3bust ion  motor  valvca,  relatively  little  corrosion  of 
heat-resistant  alloys  (I3  to  I3X  Cr,  I3  to  15<  Nl,  1.75  *0  3*  '*)  noted  for  an 
alkali  metal  medium  et  t  3^0-330°C.  Until  liquid  metals  became  widely  used  •• 
heat-transfer  media,  high  working  temperatures  were  encountered  only  during  tho 
production  of  Na-K  alloys  by  dietilllng  a  sodium  and  potassium  chloride  compound* 
In  this  case,  the  alkali  metals  were  in  contact  with  types  304  or  3^^  stslnlees 
steel  at  900*^0  and  gradual  carburization  of  the  steel  surface  wss  obserred* 

Recent  extensive  Inveotigations  showed  that  there  ere  ueny  structurel 
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materials  suitable  for  use  In  an  alkali  metal  medium  (see  Table  23) 


The  corrosive  effect  of  sodium,  potassiua,  aud  their  alloys  on  oateriale  ia 
minimal  as  compared  to  other  ll^uld-metal  heat-transfer  media  (Li,  Ga,  Hg,  Sn, 
Bl)'.  riowever,  it  incrt'uses  sharply  with  sn  con'.ent  greeter  than  O.Ol- 

0.02%  In  the  liv^uid  metal,  one  when  there  ere  esnslderable  temperature  differ¬ 
ences  in  the  syatea. 

Laboratory  investigations  into  the  stability  of  various  aatariala  in  liquid 
sodiu.11*  have  been  conducted  by  many  scientista  with  bread  variations  in  the 
foilowlrg  variables  1  teaperaiure  (up  to  500®C);  duration  of  experiments  (up  to 
3|C00  hours);  nuuber  of  admixtures  in  the  metal;  the  site  and  shape  of  the  test 
specimens ;  the  temperature  difference  between  individual  portions  of  the  system; 
metal  flow  velocity;  and  c-mposition  of  the  test  caterlal.  In  etrtsin  Instsness, 
substances  intended  to  prevent  liquid-aetal  oxidation  by  chemically  binding 
oxygen  (beryllium  and  cslciu.m)  were  specially  added  to  the  flow.  Unfortunatsly, 
the  investigations  were  conducted,  as  a  rrl*.  without  sufficiently  aesurmts 
determination  of  the  oxygen  'ontent  of  the  sodlae,  which  is  attributable  to  the 
difficulty  of  sa-.plln,;:  the  liquid  m>'tal  and  the  methods  of  analysis  thsmaslTss 
(see  Chapter  VII), 

Ths  surfscs  of  carbon  steal,  as  a  rule,  is  decarburlzed  by  the  aotioa  of  the 
alkali  metals.  This  odcurrencs  was  noted  by  all  ths  inTsotlgstora  who  parfoxasd 
uetallographic  analysis  of  the  surface  layer  of  speciaons  after  ths  tests.  The 
intfusity  of  deesrhurisstios  of  low-alloy  steels  dtpsnds  on  tha  aaouat  of 
oxygon  in  tha  .lodlum,  ths  tt.cpsraturs.  and  ths  ohromiua  eoatwnt  of  ths  stasl. 


*  All  infonastlon  given  below  for  sodlua  partalns  to  potasclut  and  Ma-X 
alloya  as  wall,  sxeopting  Instancaa  where  spaolfio  refaranea  is  aada. 
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CorroBlT.  HeBlstanc*  of  Struoturel  Materials  in  Llquid-c.etal  Madia 


MCL.55V 


CoxxoslTC  RaslstAne*  of  Structural  Hater,  a  In  Llqald-oiatal  Media 
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TABLE 


St<'bility  of  Structural  .-laterials  in  a  Modiua  of 
Sodiui,  Fola-siui,  or  Their  Alley* 


Furrous  metaia 

1.  Ar.nco  iron 

2.  Carbon  ateal 

3.  Gray  cast  iron 

Gr •  1  ■u>to  j 

j: .  Sic!'.ro.-ar  jiS  «  Cr,  C.^,;  .'-'.n,  1 .3*  -Gl) 
*' «  otccl  4- *3'^  Gi'i  0«3'*1'*  ^''io 
7.  Stainless  steels  It -8 
S.  Stainle.s  steel  3'^b  tlj-*  Gr,  2UA  i«a; 
3.  Ferritic  stainless  steels  (27.5  Cr) 
aC«  ncrthita  (2cA  ur«  oi^  t'lO^  Cu/ 

11.  Hlt;h-speod  steel  (IS^.  a,  4II  Cr,  1.*  V) 

12.  Invar  (36^  Ni) 

13.  Fei-nico  (.-.'P^  .<1,  18, »  Oo^ 

14.  <>11.100  3  (l<i.  '.0,  Al,  Cu) 

13.  Hs'lfield's  aanganes*  st««l 
lb.  tiitralloy  3  (i.itrided) 

17.  Brazing  alloy  (805  fo  •  iOi  P) 

•*  ^ic  •*:!  ana  nickol  alloy 

19.  Nickel 

20.  luoonoi  (I3;ii  Cr,  b.3;i(  I'e) 

21.  Nlchruuie  (131!  Cr,  25J(  Be) 

22.  Monel  (30X  Cu) 

23.  Haetelloy  A,  0,  C 

24.  Brenlng  alloyi  M->Mn,  Ml>Mo,  M1*P 


Te.sperature ,  °C 
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Table  23  (coat*) 


stability  of  Structural  Material*  in  a  Mediua  of 
Sodium,  Potassium,  or  Their  Alloys 

25*  and  Copper  Allova 

26.  Copper  (orveED-frf'.e  4  deoxidiied  P) 

C.7 .  Copper  (electrolytic) 

2S.  Copper  with  (Zi  3e) 

25.  Aluminum  bronze  (5-P^  Al) 

30,  CupronicKel  i  supemlckel  (20  or  30S  Mi) 


31,  Brass  (iiOi;  La) 

32.  Vj-l  el  allTer  (171,’  2n.  18J  iij.; 

33 •  Befrtictorv  aetal^ 

34<  Miobwum 
33*  MolybdeniuH 
36.  Tantalum 
37<  Titanium 
j8,  Turifcatan 
3?*  Veaadlua 
40.  airconium 
/il.  Chromium 

gt)nr  netal^ 

43»  Cobalt  and  higa-oobalt  alloys 
44,  AluniawB  ES  and  3S 
45*  Alumioum  245  and  52S 
46.  A1.S1  (lutsotio  I2X  Si) 

47«  Btrylllua 

48*  Sb,  Bi,  Cd.  Ca,  Au,  Pb,  Ss,  Ag,  S,  Ss 


Temperature,  ®C 


c  H*'  ».•»  *4v  s*>)  7cr  f'C  '?iV 
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lAijUB  23  (cont») 


Glrtblllty  of  Stnictural  l^ateriela  in  a  Mediua  of 
-cdiu:2,  rot&6c,luzn,  or  'ihelr  Alloy# 

ether  Mt^tala 

.',9* 

_,0,  Pt  und  Si 

I'l-  (rfcfmotorlneaa 

CD  purity,  deneity,  and 
external  coriditions) 

3?.  Al'O-  (sapphire  or  aluEdum) 

33.  EoC  (very  denaa) 

34.  MgO 

55,  Quart! 

56,  Darkoid 
37*  Asbestos 

38,  Silicone  Hubbera 

39,  Teflon 

6C.  Hifb-donsity  ^rapuite 

IlMUilllUIIU 

a}  Good  (auitabla  for  loag-tam  usa) 
b)  Llaited  (for  short-term  usa  only) 
e)  Poor  (unsuitable  for  use  as  structural 
material) 

d)  Unknown  (insuff iolent  data) 


Temperature,  ®C 
0  tat  lac  3M  Hot  iv  ^ 


ft  «  I  1  < 


vi?  r ^  ^  ^  . ^  j 

_ 


Hf 

yt.  . 


'f }.  atea».'»>njp4"j..*'*«v*raar! 
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VI'S  ^o/of 


«hfn  alloyed  austenitic  steels  are  present  in  ttie  soase  eodium  clrcuitfthe 
Oco -irlwi'i^aliori  rate  increases,  resulting,  apparently,  frooi  the  Intenaire 
sbso.rpticn  of  the  transported  carbon  by  certain  alloying  eddltirea  (ebromiun, 
niobloai,  tantalum),  capable  of  forming  carbides.  The  intensity  of  decarburization 
is  minimal  in  steds  of  the  ferrite  class,  alloyed  wiin  chromium,  A.  1-2% 
cbrc.miaii  content  in  steel,  evidently,  is  sufficient  to  reduce  decarburization  to 
H  minLuum.  If  the  chromium  content  is  less  than  1%,  carburization  is  noticeable 
even  with  a  low  content  of  oxygen  in  the  sodium  (less  than  Q.OQ^X).  It  was 
c.bservtu  that  Jeoarturliatlon  of  cuibun  steel  proceeds  more  intensely  at  JOO^C 
tuan  at  <DC0°C,  This  is  due  to  the  lover  diffusion  rate  of  carbon  in  the  auaten* 
ite  into  wl.ich  tte  steel  ferrite  is  transformed  when  healed  to  800®C# 

Cast  iron  is  unfit  for  use  in  a  sodium  medium  at  high  temperatures  since  its 
surface  le^'er  becomes  saturated  with  liquid  metal.  Cast-iron  specimens  became 
both  deformed  end  enlarged  after  being  in  a  sodium-potassium  medium. 

The  stainless  nickel-based  austenitic  steels  and  alleys  (Inconel,  ate.)  are 
quite  stable  in  sodium  at  temperatures  below  630°Ci  where  the  temperatures  of  the 
:.ot  and  cold  regions  of  me  circuit  differ  by  less  than  130®C,  Nickel 
begins  to  wash  out  of  steel  and  transfer  to  a  relatively  cold  region  at  tempera¬ 
tures  above  63C°C.  As  shown  by  chemical  analysis,  the  crystals  deposited  in  the 
cold  region  contain  yOX  N1  and  Sf*  ur  (the  remainder  is  Fe  and  I4n). 

If  the  oxyger  content  of  the  sodium  exceeds  the  saturation  limit,  destruction 
of  the  stainless-steel  surface  due  to  intergranular  penetration  of  the  liquid 
metal  becomes  evident  at  as  low  as  330°C.  A  brittle  layer  which  breaks  up  at  the 
slightest  deformation  of  the  surface  appears  on  the  surface.  The  influence  of 
the  rnlative  oxygen  content  of  sodium  on  the  corrosion  resletence  of  type  ^7 
stainless  steel  is  Illustrated  in  Fig.  102,  Analogous  data  on  the  etability  of 
Armco  Iron  in  a  sodium  circuit  made  of  nickel  la  shown  la  Fig.  103« 


The  corroaion  resistance  of  austenitic  stainless  steels  Is  inore  sensltlre 


to  the  oxy«;en  content  of  the  sociluia  than  that  of  ferritic  steels* 

.'tany  investigators  noted  that  austenitic  stainless  steels  are  carburized 
in  an  alkaline-tetfil  aedlon.  Th-^  earhiiri^ai.lon  becoaiss  noticeable  at  temperatures 
above  Figure  iCh  shows  a  carburized  layer  on  the  surface  of  a  type  304 

stainless  ste^il  spechicn  '1021,  at  a  temperature  of  800°C  the  depth  of 
carburization  reacned  u.25  am  ir  100  hours.  The  source  of  carbon  in  the  system 
was  the  graphite  crucible  used  for  the  liquid  jietal.  The  carburization  can  be 
attributed  to  transport  of  carbon  from  a  carbon-steel  surface  to  the  stainless* 
steel  surface,  if  both  surfaces  arc  washed  by  the  same  liquid  metal,  itnothar 
source  of  carboh  in  the  system  is  the  carbon  dioxide  included  as  an  Impurity  in 
the  coaposition  of  the  protective  gas  cushion* 


Fig.  102.  Corrosion  rate  of  type  347  stainless  steel  ee  a 

f'irctlon  of  oxygen  content  of  sodium  at  t  S  340^C* 


H0L-55t, 


•i' 
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ri^.  IC3.  Corrosion  rate  cf  Ameo  Iron  as  a  function  of  ozygan 
cccteet  of  aoalu-o  at  t  5  540®C. 

SoEstlxes  carburization  cf  tha  surface  ran  pruva  to  ba  btnaf lolali alasa  it 
^’icroases  tha  hurdress  of  tha  aatal  and  its  realstanea  tc  wear,  but  whao  ataal 
which  Can  unoargo  plastic  deforaatlon  la  rc^ulrad*  Itla  baraful* 


rig.  104*  Carburtaatlea  of  iba  aurfaea  layar  of  typa  3C4  aUlalaaa 
aiaai  apaataaa* 
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Eeat-resistaot  allo/a  an  about  aa  ecrroalos  nsistant  in  a  aodlua  laodlua 
aa  the  atalnleaa  auatenltlc  ateela.  Cobalt-baaa  alloya  (S-390  S-8I6),  as 

well  aa  nickel  -base  (Inconel,  Inccnel-OC),  and  purs  nickel  abow  no  traces  of  ths 
effect  of  aodiua  up  to  330°C.  The  reaulls  of  experiments  on  the  stability  of 
certair  :>teela  ai^n  aeui-re:>^^wa..l  alloys  in  a^lten  soulu:c  an  giren  la  Table  2I|* 


TABLE  24 


Stability  of  So  .e  Struetunl  Materials  in  Liquid  Sodlisi 


Teapen* 

Cxygen 

Rate  of 

Teat  cenditione 

ture,  ®C 

content 

corrosion. 

(Static  or 

:<aterial 

of  3odl« 

Eynwelc) 

Uit,  S 

ca^  asenth 

Ins 

510 

0,01 

200 

O/Mele 

Carbon  steel 

jOO 

0.01 

100 

Stetle 

Steel,  1.23;  Gr-0,3S  .Mo 

3C0 

0.01 

100 

steel,  9.23X  Cr<U  Xe 

510 

w.Ol 

ICO 

0 

Steel,  Cr«0.>a  No 

3W 

0.01 

ICO 

0 

Steel,  ii  Xe 

300 

O.vl 

100 

s 

Steel,  34  Cr<0,3X  Mo 

300 

0.1 

1800 

• 

Steel  •  :)i  Cr^OmJti  Xo 

300 

0.3 

;soo 

s 

Steal ,  7S  Cr<«^  Xe 

300 

0.01 

v» 

o’ 

Steel,  7S  Cr-C^M 

5W 

0.1 

2000 

• 

Steel.  7t  er<0.5<  Me 

300 

0.5 

4000 

s 

Mtel.  n  Cr-lS  He 

310 

0.01 

100 

0 

•1 

1 

1 

.XL.SSL 


TABLE  24  (eo&t‘) 


Stability  of  Some  Structural  Materials  in  LlqulA  Sodiua 


.Ititeriiil 

Temp'ra- 

turs*,  ®C 

Oxygen 

content 

i 

of  Sodl- 

tu>,  * 

Rate  of 

j 

corrosion, 

micro,<raa  ' 

0  1 

aoftth 

Test  conSltlone 

(Statie  or 

Oynaale) 

Steel,  Cr-1;2  Mo 

jOO 

0.01 

1 

IGO 

statie 

Steel,  Cr>l.i  Mo 

^CC 

c.l 

2000  ' 

S 

Steel,  %  Cr>l/ii  .4o 

5CC 

C.5 

5ii00 

S 

Steel,  V  -  Cr-lX  Mo 

715 

0.01 

0 

0 

s 

Steel,  c'v  Cr-li  Mo 

7li 

0.5 

37000 

s 

Steel,  12<  Cr 

510 

0,01 

loo 

Oynamle 

Steel,  12E  Cr 

ioo 

0.01 

100 

S 

It  eel",  12<  Cr 

500 

0,1 

7u0 

s 

Steel,  laS  Cr 

ico 

0.5 

5100 

s 

Steel ,  1£S  Cr 

715 

0.01 

400 

5 

Steel,  12X  Cr 

715 

';^5 

24000 

S 

334  (utelBleee  Steel) 

510 

0.01 

100 

D 

'IWt  •  • 

500 

0.01 

100 

S 

"m  •  • 

500 

0.1 

• 

5 

"30k' '  '  •  • 

500 

0a5 

200 

S 

304  •  • 

0.01 

100 

0 

301  • 

7J5 

0.01 

100 

s 

* 

715 

0*5 

• 

• 

"347  ~  •  • 

5»C 

'  0.01 

ICO  i 

/Vi* 


TABIS  24  (oont*) 


Ntshlllty  of  Some  Structural  Materials  in  Liquid  Sodium 


Te:apera« 

Oxygen 

1 

'  Ilate  of 

'  Test  eondltlons 

Material 

tore,  ®C 

content 

'  corrosion. 

i  iStatic  or 

of  Sodi- 

■nicroir.-ia 

Oynaiio) 

aa,  X 

ciA^  month 

i 

3V7  (itainlbss  Steel) 

0.01 

100 

Static 

347 

30c 

0.1 

500 

s 

~347 

500 

0.5 

500 

s 

~347 

648 

0.01 

100 

Dynaale 

347  ' 

715 

‘0.01 

100 

s 

■347  •  • 

715 

■  ’0.5 

• 

s 

310  •  • 

715 

0.01 

100 

s 

310  •  • 

715 

0.5 

• 

s 

Iucon«l-X 

310 

O.Ol 

100 

ft 

’'r-oneliK 

648 

0.01 

100 

0 

laeoBtlbX 

fl5 

C.Cl 

100 

s 

Ioooatl>X 

7i5 

0.5 

• 

648 

0.01 

100 

0 

4.2M 

715 

0.01 

It'O 

8 

715 

0.5 

• 

8 

17-14 

848 

C.Ol 

100 

0 

T7a4  Cii^ 

715 

0.01 

100 

.  *■  -a  •  .  * 

8 

17-14 

715 

0.5 

• 

8 

18  er*S5  m 

715 

1 

0.01 

1 

100 

*  8 

tteusil 

/  '■ .. 

Table  24  (eont'} 


of  structural  /lateriais  in  Liquid  Sodium 


Material 

Teipara* 

ture,  *0 

Oxygen 

content 

of  i  * 

ua,  X 

Rata  of 

eorroalon, 

aicro«raa 

em^  jiontb 

Test  conditiuna 

(Static  or 

uyluLiilc} 

IS  Cr.35  N1 

715 

0.3 

• 

5 

.'toXybdanta 

715 

0.01 

100 

s 

.’'.aXybdanuA 

715 

0.3 

8000 

s 

.-ia«.telloy 

715 

V  aCl 

100 

:  S 

iiaatelloy 

715 

0.3 

• 

i  ’ 

*  Oonaidtrable 

speciacB  uai^bt 

1 

increeaa  wts 

obaarrad* 

1 

i.  90&bii«ra.l«  tr«n»f«r  of  uortnlD  tlnaunla  froa  cm  portion  of  tho  o/atoa 
to  aaothtr,  ta^atioliy  if  tSoM  portlou  oro  mtdo  of  diaaiailor  ■atartala,  la 
froqutntiy  obaorrtd  io  aodtum  oireuita.  oueb  traMfer  oau  ba  intauiaa  aaan 
wbara  tbara  art  do  ta^ratura  diffaraaoaa  ia  tha  a/atam.  For  iaataMO,  it  uaa 
ootad  tlCSl  that  a  iayar  of  M-Mo  alley  (fie.  I05)  gradually  forma  oa  tha 
■arfaio  of  a  aolyadaaua  apaalMa,  uhae  it  la  aaiad  upon  by  ll«uld  aoiltma  U  a 
aiekal  eeataiaar.  Diaaolaiad  la  aodlum  and  diffuaioa  to  a  aelid  aarfaea  taka 
piaoa  for  bulb  eiokal  aad  aalybdoaum,aiaaa  Ml  •Me  alee  forma  oa  tba  aurtaea  of 
the  MOtaiaar.  *a  a  naalt  of  tba  proooaa  daaeritae*  tba  aurfusa  layer  of  tbo 
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MCUSSk 


specimen  becomes  bard  and  brittl*. 

another  simllhr  exanple  is  the  transport  cf  aliraicum  by  sodlura  to  (in  Iron 
surface  accompanied  by  formation  of  tb*  intermstallic  compound  fe^A.!. 

ixpcrioents  have  siiovn  that  the  following  substances  are  unfit  for  use,  due 
to  their  great  solubility  in  socle..;  .end  pctjsslu;a:  ob,  Bi,  Od,  Au,  Pb,  So,  Ag, 
end  3n.  .'iagr.esium  bus  li.mitad  stability  ii,  alkaline  uietals  und  can  be  used  in 
cor.tnct  .ith  :;a-K  only  at  low  temperatures.  PlatiLua  is  quickly  corroded  by 
vapors  of  ali'ali  metals  but  is  not  noticeably  soluble  in  liquid  sodium  or 
poiassicm.  Ka-K  alley  does  not  alfect  platinum  at  room  temperature;  at  600^C, 
nowever,  the  rate  of  corrosion  is  fairly  high. 


Fig,  loj,  tbP’-^iica  of  Ni<i'to  on  the  surfese  of  e  aolybdeDua  speeiaeB 
Id  A  sodium  medium. 

1}  i'j  moXytdeBua  •peel.'eeB)  3)  VleAere  berdoesei  l,?30i 

k)  V.eken  bmrdaeaei  H0» 

The  remelioB  of  .odium  wltli  eopptr  le  eoooApmaied  by  ibe  fonmtion  of 
em  the  eurfeee  of  the  copper*  Tnie  prooeee  beeo.oo  ootieeohle  mt  |  Jfxfio*  If 
•  oopper  eapeule  le  filled  ulth  eodlua  mod  held  for  loO  hours  ot  ^  S  )0o*O*  thorn 
Mhoo  tho  eepoule  la  epeood  It  will  he  empty  ead  Ito  walls  will  eootolo  the  olloy 

Ail-iSk 

i4* 


Ka-Cu  which  Ic  char3~t“rl2?i  by  jjreat  hardness  and  brittleness 


Zirooniun  does  not  dissolve  noticeably  in  sollini  up  to  bOO®C.  The  rate  of 
corrosion  of  olrcorlaa  depends  to  e.  very  great  degree  cn  the  oxygen  content  of 
the  liquid  netal,  since  in  the  Zr-O^-Ne  syeten  there  takes  place  selective 
oidition  '.•,.;:i;'h  ’.«o  ^.-oaler  affinity  for  oxygen  than  Ka  has.  A  dark  layer 
of  dioxide  lore-.)  i-rj-ui'lv  nn  the  surface  of  the  iirconlu.'a.  As  a  result 

jf  the  transfer  which  c  curs  intensively  at  te.aperatiuea  of  about  500  C  and  up, 
luH  '.'irface  layer  of  tne  ..^terial  bccones  hurd  and  brittle.  Figure  106  shows 
the  increase  In  hirdnasa  of  the  surface  layer  of  a  clrconiua  specimen  In  a  sodium 
'.ediiin  at  a  teciierature  of  yZC^Z,  with'  -  '..01-0. IS  oxy^,*!.  contained  In  the 
liculd  h-.'tel  •  'i'b®  distance  frc:n  the  surface  into  the  specimen  is  plotted 

along  toe  absciss'',  and  the  hardness  in  fiockwell  numbers  on  the  ordinate.  With 
an  exygen  contest  greater  than  C.CCpi  in  the  i.’a.  the  rate  of  oxidation  of  Zt  la 
appi'ixjT.itely  constont  and  corresponds  to  a  weight  gain  equal  to-'  500  alercgraa/ 
cr.^  'centh,  Zlrconimt  can  be  prctccted  fre.a  eorresicn  by  edding  to  It  an  oxygen- 
ahicrbir.g  auhstancc.  icr  exa-sple,  alloys  of  sirccriu'n  and  titanium  lw»e  good 
atnsillty  In  sodium. 


ri«.  lOo.  leereaae  la  eurfaet-layer  hsrdneas  of  a  slrsonlun  •pteiaan  Is 
•  eudlum  aedlum  ta  Hoekwoll  hardne  a). 
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The  bebnTior  of  hafnium  lb  sodium  Is  analoj^ous  to  that  of  zirconium* 

Ths  corrosion  rate  of  beryllium  in  alkali-metal  media  becomes  noticeabla 
when  ths  oxygen  content  of  the  alkali  metals  exceeds  O.OIX*  The  oxide  film 
forming  on  the  surface  of  beryllium  protects  ths  metal  from  further  destruction 
only  in  a  motionless  sodium  mudlum.  lutroduclng  calcium  into  sodium  in  quanti* 
ties  of  about  noticeably  reduces  the  rate  of  corrosion* 

Nonmetallic  ■•^terials.  Ordinary  glass  at  i<300®C  is  not  adversely  affactad 
by  sodium;  at  higher  temperatures  *Pyrex*  glass  breaks  up  quickly*  whsraaa 
‘Vicor*  glass  la  useful  up  to  liV0°C.  The  presence  of  oxygen  in  the  liquid  Mtal 
is  very  huimful  to  the  corrosion  resistance  of  glasa. 

Sarkold  (rubber,  tnpragnated  with  a  fireproof  substance)  is  used  successfully 
in  contact  with  socium  at  relatively  low  temperatures  (100-120^C)* 

ii.sbest03  can  be  utilized  for  gland  packings  operating  in  a  sodium  medium  at 
temperatures  up  to  I^O-ITU^C  and  pressures  up  to  3*4  d^go  atmos*  at  a  tampara<> 
ture  uf  and  higher,  however,  asbestos  starts  to  react  with  tha  alkali 

awtmls* 

Certain  silicone  rubbers  lose  their  elasticity  as  a  result  of  the  action  of 
sodium  sad  putassium* 

Teflon  (tetrufluoroathylene)  dialntegrates  completely  under  the  action  of 
Na,  and  besoaea  a  black  po«#dar* 

Carbldea  of  tungsten,  titnnium,  ebroaium,  and  tantalum  bound  with  nickaX  or 
cobalt  arc  not  affected  by  the  aggresaiva  action  of  molten  aodium* 

The  oxidea  of  aluninum,  magnesium,  titanium,  nnd  aireoniua,  nnd  other 
aubatanoea  chaairslXy  stable  with  raapeet  to  aodium  hava  a  roXatlTtly  poroua 
•tnictura,  Uenca,  tbcy  can  absorb  moltan  sodium  and  oraok  when  sbacp  varlatiena 
of  temperature  o^eur.  When  the  denelty  of  the  oaidea  ie  artificially  imlaad  bp 
alloying,  they  beoome  auttnble  for  um* 

JCL.S5W  * 
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Thtt  SohaTlor  of  In  ?tolten  Sodium.  A  stability  test  of  graphite  In 


.-nationless  sodium  showed  that  the  less  in  the  weight  of  graphite  speclxens  rises • 
if  there  is  a  high  concentration  of  potassium  in  the  sodium  (O.Clj  and  higher) 
and  sodium  si  nultaivaously  washes  the  surface  of  the  graphite  and  stainless  steel* 
In  this  cess,  inter.sirc  carburization  of  the  surface  layer  of  the  steel  occurs* 

The  orygeu  ooncenti'ation  and  temperature  of  the  liquid  metal  also  affert  the  rata 
at  which  the  graphite  dissolTes. 

Certain  experluental  data  pertaining  to  static  tests  of  the  stability  of 
graphite  specimens  in  sodium  poured  into  steel  and  nickel  capsules  are  glTen  la 
Table  23.  During  InTestigatlona  into  the  stability  of  aQCT  graphite  tho 
appearance  of  s.aall  cracks  on  the  surface  of  the  specimen  was  discoTsred*  which 
was  cot  true  ol  tee  more  fine-grained  aW3  and  AUF  graphites*  A  cylindrical 
stainless-steel  capsule,  into  which  a  hollow  graphite  rod  with  a  longitudinal 
groove  on  the  side  was  tightly  fitted,  waa  used  to  study  the  behavior  of  graphita 
lo  a  flowing  metal.  The  greova  was  connected  with  the  interior  of  tbs  hollow 
rod  through  holes  at  the  top  and  bottom  of  the  rod.  Sodium  was  poured  Into  the 
capsule-and>rod-as3sably,  which  rau  then  heated  to  SuO^C  at  the  bottom  w.'.lla  the 
temperature  at  the  top  was  maintained  at  resulting  in  natural  circulation 

of  the  mcthli  upward,  through  the  center  cf  the  rod,  and  downward*  alooc  lha 
grooTa.  After  43^  hours  of  operation,  the  side  groove  turned  out  to  be  oomplately 
clogged  up  in  the  cold  region  by  a  substance  containing  S.3X  Na  and  91*3i(  0 
with  a  melting  point  at  least  above  600°C.  The  surface  of  the  grapoita  la  the 
lowest  part  of  the  capsule  (la  the  hot  region)  waa  destroyed ,  Coaaaquaatlp*  la 
this  eusa  earboa  was  traus.ortad  from  the  bot  region  to  tho  cold  raglea.  to 
esrburlMtloB  of  the  steal  curfaca  of  the  capsule  was  observed  at  taapaiaturaa 
below  5S0^. 


TABU  23 


Data  of  Static  Tests  of  the  Stability  of  Graphite  Specimens  in  Sodiuii 


Grade 

of 

Graphite 

1 

j  Capsule 

material 

Temperature, 

'  OC 

'  Duration 
» 

of  test, 

1 

1 

hourd 

'Change  in 

1 

apeeimeB 

weight.  X 

Reoiazlca 

AGOT 

J47  Steel 

730 

163 

9.1 

Intaneive  carburizetion 

i 

i 

cf  ateel 

AUT 

31i7  steel 

750 

202 

1 

50 

Idea 

AGOT 

Ki 

1 

750 

216 

i 

0 

No  chAAge  noted  In  state 

of  spectaen 

AGCT 

347  steel 

675 

423 

9.0 

Intensive  cerburlzatlon 

aGOT 

347  Steel 

675 

648 

7.5 

Idea 

AOCT 

347  Steel 

675 

1454 

17.5 

Idea 

aGOT 

347  Steel 

oOO 

I03 

0.13 

Mcdernte  carburlaatloB 

AGOT 

Ml 

bCO 

220 

0 

••• 

AUT 

347  Steel 

600 

650 

1.63 

Moderate  eerburisatloa 

AGOT 

347  Steel 

O 

o 

1968 

0.92 

Idea 

AGCT 

347  Steel 

525 

341 

0.07 

No  oerburlutloB  oheereed 

Aor 

I 

347  Steel 

430 

166 

9.3 

AUF  ' 

I 

347  stMl 

1 

'  450 

1 

640 

0 

No  ehange  noted  In  atnte 

1 

1 

1 

1 

i 

of  epeelMi 

Aor 

347  Steel 

450  ' 

1 

2284 

0.19 

,  1 

No  effeet  of  eodl'ca  on 

1 

[ 

!  i 

epeolaen  obeereed 
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It  ciit jblltihc-d  th.it  at  t  ■'/ju0-300°C.  aud  abora,  tho  Icternal  caritles 
(icrea)  of  i-raphlto  la^tcraod  in  Loc'.lum  are  c&uipletely  filled  by  the  sodlua.  A 
..’•il.ita  With  oae  dipped  fcCxiiua  (  t  =  :?1>0°C)  so  ♦.hat  15C  nra  of  lt« 
wai-  ^L,.v.,  the  ii(i«iid,*  b^.cturie  co;npletQiy  •■'saturated*  rfita  sodiiun  within 

. . . •  lu'Lv  of  tho  ihtoroul  cavities  (j.aoucted  to  approxiaately  22%  of 

V  ,  .  .u  t  :  dt.rlrl^t  this  period  (30  hours)  only  6o*  of  tha 

vclur.e  cl  itit  jcvities  were  filled  with  Ecdlum. 

c.'idurar. je  tests  of  j/raphlte  under  cor.ditloD3  of  sharply 
te  i.oerutures  of  a  liquid  .T.ctal  are  available  In  the  literature. 


ih'.e  7u  the 


cf  'therxtil  shock*  tests  conducted  with  different 


II /.id  ::.otais,  usiaf.;  cyi  t  ndrical  jjraphite  specimens  20  xai  in  dlazeter  and  25  sa 
ir.  Ici-iilu.  The  tests  coneisted  of  preheating  the  spacimens  to  the  teaperature 
spa.-lflod  In  the  table  Hv.a  th-r  “  relatively  cool  liquid  setal. 


•  The  space  above  the  level  of  the  liquid  wae  filled  with  an  inert  gaa 
(hellujo). 
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TABU  26 

Test  Data  for  Tbennsl  Shock  of  Graphlt*  Speclmena 


Temperature  j 
of  preheated 

specimen 

1  Temperatura 

Liiiuid  ’  of  metal 

Metal  t ,  “C 

Teat  Reaulta 

900 

N« 

130 

specimen  destroyed,  surface  vetted  by 

sodlua 

700 

Na 

130 

Idea 

600 

Na 

130 

i 

opecifflen  retained  Its  Initial  appaaraaeai 

surface  watted  by  acdluo 

2300 

Sa 

30c 

Speelaaa  retalasd  Ita  Initial  appaaraBeO( 

no  vettlag 

i300 

3C0 

Idea 

yo 

<a 

1100 

• 

of  Hcat.«<tiiitact  iittenali  iP  Scdtua  ot  Twrfctuwt. 

Ta«  iaforaaticD  glvra  abov*  partalua  to  tha  atabtUt/  of  atruatural  aatwri- 
ala  at  taaaaraturaa  net  aaoaa41ac  (C0>700^,  aa  a  rula.  Taata  of  oaitata  haal- 
roalata^t  aatartala  la  a  aodlua  aadlwi  la  a  ooaaUanMy  htgbor  tai^fatara 
laaca  (8C0«lo00*C)  wera  ocadaetad  by  Road  [iO}  *  ^  (aaulta  of  bta  aaparlMata 
ara  glvaa  la  Tibia  27*  Aoeordlaf  to  tba  atablllty^taat  data  for  a  ooiybdoa«B 
alro  la  aodlui  aapor  at  t  a  i,300l^t  aodlua  aauaoo  latarcraaaior  aomoloo* 
abloh  eoa  bo  aoaaldarad  raiattaoly  waak  abaa  tba  aatroaoly  aoforo  toot  oeadltlaaa 
aro  takoa  lato  aoeouat.  as  aaa  bo  aaaa  troa  Tabio  2T»  tba  dagroa  of  oorroaloo 


RCL-Sd4 


of  the  oxides  of  magceslum,  elualnua,  end  zirconlua  le  deteimlned  b/  the  degree 
of  purity  f>nd  the  porosity  of  the  speelmene. 


T«BU  27 


Corrosion  of  ^ortK  Heat-Resisttuit  .'-tateriels  in  Sodlua 
(Under  otetio  Coivilt lutis) 


.'•Uteriei 

Te.jperature 

\ 

Duration 

! 

Change  in 

Test  ftesults 

of  test 

weight  of 

' 

:.®c 

:  •  hrs 

speeiAea, 

X 

.•tciybcenum 

■f^c 

loe 

C  .iCul 

Ho  eorroeiea  ebaereeo 

(59.9t  jure) 

IjOv 

IOC 

— 

ZblergteiiuUr  eorroaioa 

at  t  depth  of  0.C?5  ■> 

TuB^stea 

(??•?<  liure) 

IM 

froa 

:*ot  affeetad  hr 

C.f? 

eorroalra 

to  0.01 

Teatalia 

9C0 

leS 

rna 

arfeoted  by  eonoatea. 

(99>9*  P«r»> 

0.09 

apaeiaan  earfeea  aoaatlaaa 

to  0.01 

beeaaaa  daiOar 

KeaMMilAl* 

¥» 

M 

Hrao 

(U3ayt)^  Ti«, 

0.07 

raiy  llitia  oonoaloa 

16)(C«.  5S  (W* 

to  040 

TaC) 


Tabu  ?7  (coni') 


Corrosion  of  ion*  H»at-Resiitnst  Mntsrlala  li  Sodlun 
(Under  Static  Condltloan) 


\ 

rVskitrlal 

t 

Tajipsmturo^ 

Durst loa 

Chants  In 

^  feat  Faaulta 

of  3odlua 

1 

of  taat 

aalgllt  of 

®c 

t.  •  w 

t  ,  ora 

spcelnan.  X 

*43  £ra;hlt« 

168 

6.0 

Corrodta 

900 

8U 

60.0 

Corrodta  blgUy 

Mcncczyatal  of 

ailicoB  carBlda 

9«0 

168 

l.C 

Inat^lfleaBt  eorroaiok 

S/ntn«tie  Aj’intl 

Hi 

168 

IvO.O 

fit  aolaoB  eosplattly 

IB  BCdliai 

•J^triatiu* 

a)«MiliHai  oalBB, 

?w 

168 

- 

Hlc6  corroatM,  Olalnta* 

is  poroatty 

tratvB  tala  aaall  61aak 

gnlaa 

nlunlfuiB  ok14b 

laal^lftaaBt  ttamalaa» 

(ayitkalU 

9ce 

168 

1.0 

miarlBl  MMlaa 

Mryura)  | 

i 

llUftftfWl 

MBdMMlWi  «CI4B.  I 
US  poroBlIy 

188 

’  lU 

'Natartal  Oaaaaaa  OlBalwr 

i 

1 

a«a:io 

I 


«USS» 


/.•V 


Ti3U  27  (oont*) 


Corrosion  of  Sorao  Hout-riedistatit  .'’iuterialB  in  Sodium 
ff  (Under  Static  Cenditionn) 


.'laterlal 

1 

Te:apurature  : 

1 

! 

iAiratlon  ' 

Ctu-rige  in 

1 

cT 

weight  of 

Test  Results 

1 

t.  °C  ■ 

1'  •  Hrs 

specimen,  X 

! 

i'lagneslua  oxide 

(single  crystal) 

» 

525 

168 

0.02 

Does  not  corrode 

olrooniicQ  oxiddi 

3  •  JpOZ*v5itjr 

890 

168 

3.7 

Corrodes,  speeiaens 

disintegrated 

.XslyMec'xa 

dislllcide 

900 

163 

- 

Very  little  eorrosioA 

(cast) 

Thoriums  oxide 

925 

168 

0.06 

Hot  effected  by 

oorroniM 


MCL-554 


/:7 


v» 


J 


26.  LlthliM 
(Tabl*  28). 

Lithia-a  bdlon^a  to  th«  alkali  aetalaj  howerer.  In  Ita  ehaaleal  pxvpartlaa  It 
l3  cloaar  to  tb«  alkali-earth  aleaunta.  This  explains  why  Id  bahavaa  aoN 
a^^rasaively  with  respect  to  struetaral  aatarials  than  do  sodlua  or  potasslra. 
kd.cixtures  In  the  l-.'juid  setal  have  a  daflnlta  affect  on  the  stability  of  aatarlala 
with  respect  to  itthiuui.  wO  t-tT,  there  Is  not  enoujb  experlsuintal  data  to  panlt 
'.u^ntitative  evalaatUn  of  this  effect. 

l.lthlu.a  nitride  {LXyij*  ahlch  icras  ehan  nitrogen  reacts  elth  slthsr  tbs 
aclld  or  aolien  itulal.  Is  extreccly  s^^ressivs  with  rsspeet  to  struetursl  asts» 
rlsls.  No  .hsterlal  has  bjen  i'ouad  (of  the  Bctsls  or  eeraalcs)  ahlch  Is  capahis 
of  .x'strefefi'Uy  reslstln.;  corrosion  in  a  medlua  uf  aolten  llthlua  nltrlds. 

Cjtygch  Is  aors  likely  to  be  foond  In  llthlua  as  the  hydroxide  (LlOH)  than  M 
he  o^lde  Itself  since  It  Is  kacwn  that  ataoS;  bsrle  aolsturs  pre«s»ts 

oxidttlcB  of  llthltfs.  Ltks  t4y>.  nolten  litblttc  b/droxida  It  s^*t«ss1ts  wltb 
respeit  to  strwttural  nnierlxls.  When  hestsd  to  LlCH  deeoa;>osadt  forsta^ 

llthlua  osldt,  ’.ItH  and  U^w  resit  wtta  tas  'ujority  of  astal  oxMsa. 


M5U55% 


Tabu  aa 


^I  sbiiity  of  Siracturnl  M'tariala  in  a  Littaluai  Madiun 


Toaptntun,  ®C 


a)  rarroua 

b)  Pura  iron 

cj  Ix>w-oarbon  rtesl 

d.)  I^w-chr^-:.ii-a  '.‘.IJO) 

e)  i’ox'rltic  eliraiiui  ataialeas  ataal 

fj  -Uittniti*  chrc;tte-nlcfcal  staialaaa  ataal 

«'  »»V**«rrcja  xeUlf 

b}  -'•1,  ii,  ca,  rb,  pt ,  ill.  A^,  ii,  an,  2a 

i)  Btrylliia,  sbrMida,  Tanadlua 

j)  4:ireonlu.n,  titanita 

'*)  i'ioblvit,  xaatalta,  Mlyedaaua 
1)  **1ckal  ana  c:akti«baaa  alloya 
a)  Cgbnii«ba«a  ailaya 

e)  ^unm 

p)  OUan  and  aUlantaa 

Srnpdtt* 

r)  Rubbar  nnl  plant  iu 

•}  V 


t 

:u  :x 


yM 

■  c^:'T~is2a]®3t2r:?aB 
ji  1 - . 

>t - .'iinrjiiiiiiiinD 


‘.i  -:::  ■ 

^  nniii'i'TtuTry*; 

■  si.'.;i:'ii!iirTt>,-— 


■ - iniro 


os 


f  ■'"1” 


•  - 


Bifntup »« ~* 


stability 


'ill::'- 


/Odd 

fear 


rr  -?  JJmllod 
* — (.  CbkBnMt 


/-•v 
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Admixtures  of  ehlorloe  are  present  in  lithium  both  la  the  free  foia  sad 


lithium  chloride  (LiRl).  which  hesTily  corrodes  iron  and  copper  sufeces* 
l.lthium  hi'drlde  la  formed  when  water  Taper  or  hydroger  reacts  with  the 
liquid  metal;  ut  high  t^.i^j-eraturea  it  reacts  with  metale  and  ceramic  aatarlala* 
Liquid  lithium  also  reacts  strongly  with  metcl  carbides* 
ooma  iepurities  (the  oxide*  hydroxide,  oitrlda.  and  h/cride)  can  be  reaored 
fr-'T  the  molten  mutal  by  t'iltratioa.  It  was  noted  that  a  stainless  steel  screen 
u.oed  to  filter  the  la;urltles  gradually  disintegratettj  destruction  was  causad 
.-hie.-iy  by  nickel  washing  from  the  steel* 

The  stainless  chrcme^nickel  steels  can  be  used  et  t  C  .nly  where  there 
are  Itttle  oxygen  sDd  nitrogen  in  tee  liquid  metel  and  the  temperature  differeneaa 
la  toe  system  are  smsU*  Corrosion  of  steinless  steel  is  e  llthlua  sediia  is 
aecccpsnlti  by  streag  intergrenuler  pesetretlon  by  the  liquid  aetel*  fig*  107 
shows  per.:tra'ion  lithium  eil  the  way  tnreu^  the  wall  uf  e  type  3I&  steinleee* 
steel  tube  102  .  The  asU  is  0*$  aa  thleh;  e  smell  quantity  et  nitride  (0*U() 
...c  added  to  the  lithium  befotenend.  Under  the  smae  eonditions  but  with  no 
:  ;irlce  in  the  liquid  setal,  the  depth  of  intergrenuler  penetrettee  asc'tnted  to 
only  0.0^  OB* 


Tit*  i07*  Intergnauler  peeetmtton  of  llthiwn  into  the  Mil  ef  n  nUlnleM* 
steel  tube  held  el  |  t  87o*b  ter  sheet  ICO  home* 


/4» 


Fig.  1C8 


.  lituluiu  wusbii.t;  nickel  frca  type  304  ktalaleae  steel. 
1-  Vesi;el  of  type  304  stainless  steel t  2>  Iron  vessel. 


«  picture  cf  llthluc  selectively  eeshln^  nickel  froa  ty^t  304  austenltle 
stainless  steel  Is  shown  In  Fl^.  1C8  ClC2i.  Tbe  tsnperature  of  the  llthlun  Man 
l.CGC^C,  tbe  test  les'td  fcr  bOO  cours.  Tbe  fl«(ur*  sbvwe  the  trensforoatlon  of 
austenitic  steel  Into  ferrite  (la  tbe  surface  leyeri  caused  by  the  Hasbln(  out 
cf  nickel. 

Tbe  rate  of  corrosion  of  stainless  steel  Is  espeolally  blfih  when  the  veesel 
bcldluc  the  ll«iuld  aetal  ccbtelns  a  considerable  quantity  of  Iren.  In  thin  eenn 
the  nickel  Mashed  out  ta«  steel  diffuses  through  the  lithlua  to  the  euifnee 
cf  the  Iron. 

l«M»cernen  type  Jli  ctelnless  steel  or  type  347  steel  Is  reecsaended  fnr 
use  ee  stnoturel  rvsterUl  for  etulpnant  wtvlch  aust  operate  In  n  lithlua  MdtuB 
nt  teapereturvs  to  7C0^.  Type  3IC  etelnlese  steel  een  he  neea  in  the  TOO  to 
l.COO^  teapenture  ranse.  Molybdenuo,  tuncsten.  nlohluo.  tentnluo.  end  aneo* 
Iron  have  entlafnetory  corronten  renlntnnen  In  lithluo  nt  toopemtnrtn  up  to 
600^. 

Thn  oorroelon  ronUtnnee  of  Mnoel  oetnl  (4tt  Hit  1.^  Mi{  itOt  fh|  0.<(Si  tli 
thn  reonloder  Ou)  In  n  aedtuo  of  ll%ttld  lithluo  In  vnrp  lowi  nt  900^  U 


nt 
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dii'.olvea  up  to  lb%  of  tbe  Monal  matal. 

At  a  taaperuture  of  about  i,000®C,  taryilloa  quickly  disiotagratas  in  « 
lituiua  icdiiuj.  Tba  corroalon  rata  of  Bo  at  t'>-3ro*C  J8~l,600  alcrograa/e±^  • 

I 

•  non'*'. 

It  ;iu„  o.en  noted  that  at  t 1 ,0CC '"C  tungaten  di^^integratas  in  iBoltan 
litinui.  In  an  ^rnco-iron  vassal. 

«a3n  lithjLu  rt  icto  with  zirconiun.  a  dull  flLn  of  zirconium  nitride  (Ziti) 
fciu.s  o-  ihti  -irccr.i'xn  surface;  this  is  d'ue.  '••'Idcntly,  to  the  proscnce  of 
nitrogen  tin  tne  form  of  in  the  lithium. 

Tae  t' llowine;  nctals  cunnot  be  racomnended  for  use  In  view  of  their  poor 
Corrosion  resist-are  in  lithiuTi:  *.1,  Ba,  Bi,  Cn,  Cd ,  Au,  Pb,  Mg,  Pt,  51,  Ag, 

Jr,  T1 ,  on.  Ju,  Cu ,  l.'l ,  und  the  Ki-base  alloys. 

v^uartz  has  sati;. ioctory  stability  only  it.  a  lithium  medium  free  of  the  oxide 
and  nitrioe,  and  then  only  at  temperatures  to''  280**C.  Lithium  silicide  (Li^Sl2} 
forms  at  higher  tezpemtures.  If  standard  teconically-pure  xotal  is  melted  in  e 
quai'tz  vessel,  its  walls  almost  Immediately  disintegrate,  otandard  glass  is  also 
unfit  for  use  in  a  lithium  medium. 

Most  ceramic  matcriala  ere  corroded  by  lithium;  we  recommend  melting  lltnium 
in  steel  or  iron  crucibles. 

Molten  Li  penetretes  to  the  inner  pores  of  magnesium  oxide  but  does  not 
cause  corrosive  disintegration. 


27.  Oalllua 

(Tkble  29} 


Gallium  is  the  most  dangerous  of  all  the  liquid  metals  ezAmined,  froci  the 
standpoint  of  Its  corroulTs  effect  on  materials.  Only  few  materials  (flrsproof 


{■mpUllv,  tuo4st«Q.  aod  t«fit*Xua)  bar*  eultrfaotory  atsbllity  In 
^  at  tild^  teaparmturna. 

Tba  acchanlaa  of  tba  iDtamotlon  of  Ga  wlto  ntructural  outarlala  ia  datar« 
0103(1  by  m  o'^abci.'  of  eondltif  oe,  tbo  teoparatura  laral  balnij  tba  aost  iutportant* 
for  ajkaxpla.  <tc  leuparuturoo  up  to  oOO^J  tuo  corroalon  rate  cf  tantalus  la 
dvtaraiual  caicriy  l>>  ino  diuaoivin^  intenslt;*  of  taa  build  autarial,  wharaaa  at 
6co*’c  tbo  alffijiaico  of  r,ulllub  into  tba  surfaca  layar  of  T&  begloa  to  yiedoaioatai 
bcco-ponied  by  tba  fcitbaticn  cf  a  cbcalcui  cci^pound.  ^lescnta  with  aisilar 
ubcalcal  prcpsrtiaa  ottao  beoava  dlffarantly  in  a  gullius  sedius.  for  exaj^ia, 
soiybdenua  reacts  with  Gu  to  fora  several  products,  including  one  in  solid 
3vl-ticn.  At  tao  sa^o  tl:ue,  tunc;.<ten,  .boso  cUeaical  compounds  are  Isoaorpbie 
•ita  ^olybcenaa  co-puunds,  does  not  x'caut  with  galliua  up  to  6uO^C.  Gallium 
can  vot  cuif^nesiura  oxide  but  does  not  vet  the  oxides  of  beryllium  or  alualnum. 

The  oxides  cf  Be,  a1,  and  the  majority  of  ceramic  subbtunces  are  sutisfaetu- 
rily  stable  in  a  uiediu.a  of  liquid  Ca.  Mluainum  disintegrates  quickly  in  a 
gellium  medium  even  if  its  surfaca  is  anodized. 

The  data  shev-n  in  Table  refer  mostly  to  tests  on  materials  in  motionless 
or  nearly  mctlcnleso  gallium.  let  us  consider  some  of  these  data  in  more  detail. 

At  b  r  S03°C  and  higher,  enremium  disintegrates  in  the  presence  of  liquid 
gallium;  it  is  also  known  taut  these  .cetals  are  not  intersolu’G;  and  that  cnemicai 
ccuipounds  do  net  form  between  them.  Heuca,  Cr  can  be  expected  to  be  stable 
enou.^  in  galll'ia  at  temperatures  below  6oo^C.  Gallium  reacting  with  titanium 
fozma  the  ebealcal  compound  Ga^Ti.  Such  elements  as  Cu,  Pt,  Zr,  Ni,  V,  Ka,  Ag, 

Au,  Ce,  Pr,  Cd,  fe,  Ge,  Sn,  and  In  are  evidently  nut  suitable  for  practical  use; 
they  form  solid  solutions  with  gallium.  However,  there  are  data  in  the  litera¬ 
ture  to  the  affect  that  Cu,  Pt,  and  Zr  are  not  affected  by  corrosion  in  a  gallium 
medium  at  temperaturaa  of  about  ICO^C. 
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Table  29 


Corrosion  Seai^tance  of  Structural  Materials  in  e  Msdlum  cf  Gallium 


b}  Kerrcus  tala 


bj  *.6-0  StKirles?  steel 


c)  still nleis  steel,  loll  Cr 
u;  Toi-1  .at.'cl  Cr,  ,  1^) 
•J  Iron 

f)  Krrferroua  totals 

i)  Tungsten 
L}  Tnntalua 

1)  Alley,  <tyt  U,  KM 

j)  Niobium 

k)  y^lybdoaua 

l)  Titmaiua 
«)  UoO 

«;  CbrcaluB 
0)  MintfUMmm 

p)  alloy.  iOS  Cr,  31.4  ito 

q)  lilekml 

r)  alley,  Mt  Ml.  2<NC  V 
•}  ZlreemlUB 

t)  NiCDMllB 
«)  Oeppmr 
y)  rimtlMB 

m)  aluBlaiB 


T3:tpsrature ,  ®C 


oUbUltyi 


CHS-  Veer 
r—t  UtkWMNi 


x)  Am.  Ce.  C4.  8m.  im.  Im 


y)  Bowwteli 
•)  Qmmrke 
mm)  31mUrf4  leO 
M)  Ormpkltt 


•e) 

4i)  Vyrm  ctomm 
••}  SlmteroA  MgD 
rr)  KmMer 


JCUi34 


/ 


•of  tow  mbore  mmltlnm  point 


The  solubility  of  tantalum  in  £a111uu  amounts  to  OtllfX  at  300^0  snd  at 
6o0°C.  A  tantalum-tungsten  alloy  (SjH  Ta,  7S  V)  has  somewhat  higher  corrosioa 
resistance  than  pure  tantalum* 

Crucibles  made  of  beryllium  oxide  are  not  affected  by  the  aggresalTS  action 
cf  gallium  up  to  temperatures  on  the  order  of  1, 600*^0  (for  brief  aereicsj  and 
^CC'^C  (for  cxtend<‘‘>  .vervice).  Special  invest Igat ions  have  verified  the  good 
cf  BoC  up  to  l*uuo  o* 

nulten  silicon  cxide  has  good  stability  in  gallium  at  temperature*  to 
x,liG&°Ci  tbe  resistance  drops  in  the  presence  of  oxygen. 

Xlundum  cricibles  are  not  at  all  affected  by  gallium  at  t  :  1,0G0^C. 

Birccniur  cxid*  is  wettau  by  at  high  teaparaturea,  and  th*  liquid 

metal  penetrates  deep  into  the  solid  materiel. 

?lasties  and  rubber  show  r.atisfactor>’  stability  in  a  gall  in  rntdlum  up  to 
their  teaperature*  of  thermal  disaoelatlon. 

26.  Karaury 

(Tabl*  30) 

Carben  r.eeli  and  alley  atttla.  hatenaiv*  InvastigatioM  of  tha  eerroetv* 
offtet  of  mereuty  on  atruatural  matarlala  ear*  eomtuotod  wttb  raepaet  td  tb*  uM 
of  inditect  (zereury -water;  InatalletioM  im  power  aig^MarUg. 

Carbom  ateel*  wd  blioy  etaal*  era  bit  afftettd  by  eorroatob  ubom  briefly 
oubjeeted  to  tb*  eeltcb  of  aarewiy.  Howavtr,  prolobgod  t**ta  of  lorgb  plobU 
aaewod  tbet  a  raaldw*  of  eiyatollliol  Iroo  oad  lit  osldo  gnduolly  biitldo  up  oa 
tbo  Iboldo  wollo  of  oerboa  olatl  tuboo  lb  tbo  rolotlvoly  oold  boetoro  of  Ibo 
oyoiom. 

Ubofutoiy  ioote  oe  tko  atoMltty  of  aotortolo  woro  ooediNlod.  oo  o  nilo* 
wltb  ootunl  ocbeaclloo  ol  tte  liquid  ot  toaporotuieo  uo  to  600*6  obd  rolollttly 

nr 


MBU3H 


low  laetal  flow  rates  (O.OI-O.03  a/sec).  The  corrosion  rate  was  deteiained  as  a 
fiuiction  of:  the  chemical  ccxnpositlon  of  the  material .  additires  to  the  nereuxXt 
duration  of  the  experiment,  and  temperature.  It  turned  out  tha*  low-alloy  steels • 
such  as  the  steel  with  52  Cr,  C,3X  Mo.  and  IX  Si,  are  more  stahla  in  aercuxy 
than  cavuv'u  ateda.  .'ioreov^r.  t>du:iig  certain  elements,  in  particular  titanium 
and  s^gnesium,  to  the  trcurxry  sr:>irply  reduced  the  rate  of  eorroalon.  Further¬ 
more,  it  seems  that  when  the  mercury  moves,  even  at  small  valoeities,  and 
differences  exist  in  the  system,  althoutii  sinall,  the  corrosion  of  staal  Inerassas 
noticeably. 

The  major  factor  in  the  xoehsnlsa  of  Interaction  of  mercury  with  a  ataal 
aurface  is  apparently  the  dissolution  of  iron,  which  takes  place  at  a  rata  dater> 
^ioeJ  by  the  value  of  the  diffusion  coefficient  for  iron  in  mercury.  Inasaueh  aa 
the  concentration  of  Iron  in  the  mercury  Ibyer  adjacent  to  the  aurfaea  raaehaa 
saturation  very  quickly,  the  rate  of  the  process  as  e  whole  is  detenelned  by  the 
rate  et  which  the  dU*oleed  iron  partialas  era  diverted  into  the  voluM  of  the 
liquid  metei.  This  eaturetica  point  vary  much  daptnda  oa  texperatura,  aaouatlac 
to  1.3*10*^«  at  25'’c  ar^  r.h*lC'^JC  at  TCO^C.  »•  shown  by  tiperi.«nt,  for  100^ 
taspeistura  tocteesia  etoive  yCC^C.  the  xrrosicn  rata  cf  cerbfn  steel  in  mareuiy 
Incraaaaa  rou^ly  five-fold,  for  example,  at  3C0*C  the  eoricalca  rata  wan  found 
to  equal  3  sB/yaar.  while  at  000^  It  la  SiO  mm/ynnr. 

The  lafluanaa  of  the  eMpoattton  of  ataala  on  thnlr  nermnlna  mnlntnmnn 
In  mtreuzy  In  tlluatmtad  In  Tobin  31.  ma  tbm  tnbln  nbcwn.  smibom  ntnnla  baam 
coed  atnbUlty  In  fluwlnc  narauiy  mt  taapaenturan  balov  bOCPb.  Itnltai  atnMltty 
up  to  330*6.  nan  poor  otobtllty  at  btcMr  taapoantaron.  Tba  aatloomotoa 
propartfM  of  oamoa  ntoal  laproao  wb«>n  tba  faUowlH  mlaaButa  art  added i  Or.  tt* 
Tl.  Mot  UtroduaUd  al<Blwa  Uto  ton  atool  daao  not  predueo  a  ponttlvo  nffnnte 
Oood  ntoal  otabtlity  ana  bo  aohtaand  up  to  taapatatwmo  of  tbo  oidor  of  iOO^  bp 

/ed 


successfully  coxbining  alloying  aloments,  espaelally  ehrootlun,  ailieoa,  and 
aolybdenum. 


•  T/iBLS  30 

stability  cf  Structural  Muterlala  In  a  Mercury  Madlua 


aj  Ferrous  setals  anj  Ircn-^ase  alloya 
b)  Ferrous  aetals  (T1  and  Mg  in  Hg) 
ej  low-carbon  stsel 
d}  Ic'w-carbon  steel  with  0.11-\S  si 

e)  Low-carbon  steel  with  !(X  Cr 

f)  Steel  with  5*  Cr 

g)  Low-carbon  steel  with  0»5t  Mn 

h)  Low-carbon  ateel  with  wCjS  Mn 

1)  Lww«carbon  ateel  with  I -IS  SI 

j,  Loa-caiocn  eleel  witn  la^a  Ti 

Low-carbon  ateel  witn  iX  oi 

ud  i£  Cr 

1}  Kitnlloy  {I.C’JS  hi.  Or) 

a)  Low-cnrhon  ntntl  with  3.7S  Cr 

nal  l,2t  Ca 

h)  Lov-nathoa  ntenl  with  Or 

atf  k*5i  Kn 

o)  Lew-«arhoa  ntnnt  with  5*7X  Or* 

iM  « 

p)  taw-aaihoa  ateol  with  tS-Mg  No 
aa«  3gn 


Taaperatui'a,^ 


- 1 - ^ - r - ^ - ^ - 1 - 1 

Xi  iiv  tn  Ttl  tt§ 


iCL.5S% 

A  7 
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TaBLK  30  (ooof) 


of  ^truetunii  riatariaU  in  a  Maroury  Madlua 


4)  tow-earbco  ataal  with  Oi  Cr, 

C . 1  «* .  ard  3^ 

r)  Sicr^xao  3^  Ijm  Cr.  O.S»  MOi  I *3^  Si) 
a)  Low'-carbo"  steal  with  3*3^  Sr* 

,]o,  and  l.kX  SI 

t)  Jiii  and  310  itainlass  steals  (Cr)Nl) 

u)  Hifb-oickal  steels  Wi-Fo  acd  Hi-Cr-ra 
t)  Ferritic  stainlasa  steels  (Cr) 

w)  ?;cBferroua  cetala 

x)  Tungsten 

y)  !'k)lybdanuB 
x)  Chroalum 
aa)  Betylliua 

bb)  Ta,  I.T).  Si,  Ti,  V 

ce)  !•'!.  Cu.  and  tbair  alloys 
dd)  Cobalt  and  stallita 
ae)  Ft*  Mn,  Zr 

ff)  Al.  Bi.  Cd.  Ca,  Au,  Fb*  Mg,  Ag,  5n,  Zn 

gg)  f^oanetala 

bb)  Glass 

11)  Ceraaies 

JJ)  Cmpbite 


Te^ipei'utura. 


>1 


i.T'"  .  '-A  ,  ^ 

i-M 

I  r  - r  — .  ■  .  .  t  , 

i  I  i  . . . - 

r  Vy'.im/iiJi  , 

•- . 


r~ 

t 


I 
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Stability 


.  Good  L.  Unknown 
Li  sited  Poor 

0-  Qyna.'sic  tests 
C-  Static  test.3 


MCLo5^- 


/.  / 
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A  coronlua  contMt  r«ouc«8  the  eorroelon  p^te  ot  the  st^sl  hgr 

ahout  9lx  times.  Adi* lug  lU  C.r  Is  much  leas  effeetlTe.  due  to  the  foraetloa  of 
tt  chrusiuffl*oxide  film  on  the  eu.'faee  of  the  material;  this  t'ila  is  vexy  thick 
aod  bs  a  result  docs  not  adhere  suffieleatly  well.  The  eorrosioa  rate  of  steel 
containir.'  Cr  lb  only  half  the  eoiroaion  rate  of  earboa  steel. 

c.:ull  .tUoniUles  of  molybdenum  ( dc  not  tt;^rcve  the  aatleorrosloa 
rropertles  of  etee.',  while  aadicg  Z0£  .Xo  deerkaaes  tne  rate  of  eorrosioa  at 
to  a  cegllgibly  small  relue. 

.'il:ccn  added  to  steel  in  ^oantitiet.  ut  l-yi  reduces  the  eorxosiOB  rata  hf 
ii;..r;st;.*ately  ecS  at  btO*’e» 

otsel  cvDt..ihir.g  1>2..  titanium  is  4*5  times  more  etehle  than  earboa  staal. 

Mtialloy  (l.<^jK  *1;  l.d^A  Cr)  bcs  tna  bast  antieorrcaioa  propartiaa  of 
the  stewlv  w-.th  ehru.i>Au  acd  alu  Inwa.  Its  eorrosioa  rita  la  flowiag  aMreuiy  at 
1  “  IS  i  •rVytar,  which  ie  about  U*  of  tba  eorrosioa  rats  of  esrboo  otaal 

ur.dtr  t'.t  .uma  edndtticts.  Tha  solubility  of  aitralley  ia  mreuiy  ia  about  tbo 
so^te  ee  the  solueility  of  yurt  itoa* 

Steel  •'‘'♦sirtr.;  Cr,  *5*,  And  !•??  ft,  -Ut  -ssd  ia  tho 

v^tetBkioh  *'f  ^reury~**y«r  et tiers  yroetd  to  be  sbout  *0  uses  more  stable  thoa 
dsfber.  stticl.  Tha  hl^*thcvtA  fetrltii  steels  soouei  gt<d  stsbeiity  ia  totiooloas 
marcury  «t  ae  tests  in  •  toaiug  asditss  w<ra  aed*.  to  shoua  by  atpaii> 

aeat,  at  hi^  temperat-snia  tha  antitirroslea  yreyarttas  of  a 

atskal  asstsaitie  atsaU  art  uftaattsfectoty  la  aevsag  aar.ufy*  KiaksI  »haes 
alloya  diaplayed  geod  stebility  la  aetlealsoo  aarauay  at  5fC^» 


» ' 
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TABLB  31 


stability  or  cf  Vurloua  Coapoaitlosa  ic  Flowing  Mercury 


Duration  cf 

Maxlntis 

Rat*  of  corrosion 

test,  !»r* 

Te-;perntur* 

uiiurognuB 

In  3/3tan, 

3a/y*«r 

5 

ca  •^nth 

Carton  steel  (all:l.) 

iCOOO 

432 

7000 

4 

lOQOO 

538 

15000 

5 

0.25  C 

lOOCO 

553 

37000 

22 

-  — . . 

ICOCC 

.  ^^5  . 

88000 

53 

^teel,  sloninua  •lloy*4 

C.U  Al 

l^ 

425 

28. 00c 

17 

3.S«  nl 

4« 

b5)) 

16,000 

U 

C.55  Al 

w 

4;5 

44,000 

40 

U  Al 

55 

420 

52.000 

3» 

UJ 

430 

45,000 

43 

;5 

450 

7,000 

4 

o.M  Cr 

44 

fSO 

45.000 

0 

0.^  Or 

4»5 

7,000 

4 

M  Or 

i3« 

45.000 

U 

St  Cr 

10,000 

48> 

3.000 

1 

AolyMnana  tinnl 

6.SS^ 

lU 

470 

04,000 

53 

M  m 

«4 

45® 

300 

0.3 

f^iSk, 


TABLE  31  (coot') 


Stability  of  Steels  of  Various  Composition.':  ia  rlowlnjc  Mercmy 


Du.rutlon  of 

Maii.num 

Rate  of  Corrosion 

Mater: il 

test,  brs 

tempimture 

in  system. 

aicrograa 

“c 

2 

CTl  **0011111 

Silicon  stejl 


IS  Si 

6? 

040 

7,000 

ii  Si 

107 

640 

11,000 

3^  Si 

67 

640 

7,000 

steel,  titanlam  alloyed 

IS  Ti 

32? 

420 

9.000 

IS  Ti 

329 

475 

39,000 

2S  Ti 

329 

625 

7,000 

I.;  Ti 

329 

640 

15,000 

steel,  alloyed  wltb 

alu.alnum  and  chrocium 

O.U  O.IS  Cr 

136 

625 

44,000 

0,3s  Ali  0,3s  Cr 

A37 

630 

37,000 

2S  Ali  2S  Cr 

46 

620 

44 >000 

2f  all  2S  Cr 

142 

630 

13,000 

NltrsUoy  (not  nitrided) 


1.23s  All  1.49s  Cr 

163 

650 

7.000 

2 

415 

6,000 

MCL.554 

/•// 

4 


4 


6 

24 

4 

9 


29 

23 

27 

8 


4 

4 


TABU  31  (eont'} 


■Stahility  of  Steels  of  Various  Coapositiona  In  Flowing  Mercury 


:4iterlal 

• 

Duration  of 

14ixlmuii 

Rate  of  Corrosion 

test,  hrs 

teaperature 

in  aystda. 

oilcrograa 

2u/ysar 

®G 

0 

cm  ‘nonth 

Steel,  alloyed  with 

fisrojlut  and  copper 

i.li  Cr;  1.2:*  Cu 

Ibl 

670 

6,000 

5 

Steel,  alloyed  with 

ohratiiLn  and  molyVienum 

O.ji  Cr;  Mo 

140 

650 

6,000 

4 

Crj  4.^*  Mo 

140 

640 

6,000 

4 

4.J4  Crj  0.3;  Mo 

161 

670 

66,000 

53 

Steel,  alloyed  wUb 
curutiiluai  and  tungsten 


j.7<  Ofi  l.«  d 

100 

600 

26,000 

16 

Steel,  alloyed  with 

molyhd.enuo)  and  sllloon 

15*  Moi  3*  SI 

69 

655 

1,000 

0.6 

.Mos  3*  SI 

66 

655 

500 

0.3 

MCL.534, 
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TABLE  31  (conf) 


Stability 

Material 


of  Steels  of  Various  Goapositions  in  Flovln^  Mercury 
DuratioD  of  Rate  of  eorroaioB 

test ,  hrs  temperature  — — — - 


In  systea, 
®C 


^icrognui 


cm^ •month 


mB/yaar 


Steel,  illoyed  with 
s'(iror.iu.a,  aolybdenun, 
and  silicon 


ii.s.ii  Crj  043'*  Mo) 


i.23ii;  31 

140 

64c 

6,000 

4 

Sllcrckue  SS 

k  to  hi  Cri  0.43  to 

0.63-^  Xo;  SI 

10,000 

10,000 

10,000 

10,000 

482 

338 

iS 

300 

800 

1,600 

4,000 

C.2 

0.5 

1.1 

2.5 

Steel 

:/.ji  Cri  h.ljt  Moi 

280 

388 

700 

0.4 

l.U  SI 

982 

111 

620 

630 

800 

600 

0.5 
-  0.5. 

Steel,  alloyed  with 

alumloum,  chroalua. 

BolybiieDua,  elllooa 

0.8X  All  3X  Cri  0.3X  No 

0.9K  SI 

450 

630 

64.000 

38 

Type  304  Stnlrlois  atoel 

18X  Cr(  ex  Hi 

450 

652 

32,000 

20 

MCL-554y 


US 


v*" 
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TABLE  31  (eont*) 


^tabUity  of  oteels  of  Various  Joapositions  in  Flowing  Msreuxir 


'doterlel 

Duration  of 

Maximum 

Bate  of  corrosion 

test,  hra 

temperature 

micrograa 

in  system. 

rra/yeer 

®C 

2 

ea  ‘month 

Tj-pe  JlO  otaicless  steel 

i5S,Cr;  2(jX  N1  400-500  65O  77, COO  47 


rveuuiics:  A  ^ainus  si^n  denctes  loss  in  weight  of  speeiaea. 


The  ictfluenee  c?  tdditivea  to  Hg  on  the  corrosion  ruts  of  csrbon  hteol  It 
illustruted  le  Tihle  3.^.  The  l)t.st  edoiti.w  froo  the  atendpolat  of  reduetaf 
ccrrosiC'S  is  tlteaiuat  The  presence  of  C.CCll  Ti  in  aercury  reduces  the  rate  of 
corrosion  (at  to  a  negligihly  snail  veluei  at  a  te-veratur*  of  4S3^  * 

siailar  effect  is  produced  by  udding  O.OOCIS  Tii  Jr,  Cr.  M,  and  Al  eaa  elae 
serve  as  inhibitors  (decelarators)  of  corrosioa,  but  Jiora  of  these  eleaeata 
should  be  introduced  into  the  liquid  xetal  la  the  case  of  titnaiuo.  Adding  Cu* 

Pb,  and  ha  lacresses  the  aEgressiee  effect  of  aernury  oa  earboa  ataal* 

Certain  other  oubstaaooa  are  frequently  introduced  into  aereury  in  addition 
to  corroaioa  inhibitora,  Thia  haa  two  purpoaaai  1)  raduetloa  of  oxldatloa  of 
the  atael  aurfAco,  which  alao  tanda  to  iaprova  wattueillty  and  thua  l^provaa  tha 
beat-tronsfir  conditionti  2)  resoval  of  the  free  oxygan,  aitrogoa.  and  water 

MCU551k 

/'// 

J 


Taper  from  the  mercury.  Increasing  the  effectlreneas  of  the  main  Inhibitor, 
oonaeiuently ,  these  addltiree  should  hare  greater  chemical  affinity  for  oxygen 
and  nitrogen  than  the  inhibiting  substance  (most  often  titanium)  and  the 
r^terial  of  the  surface  (mostly  iron).  The  most  suitable  alements  for 
purposes  are  magnesium  and  calcium;  Mg  la  preferred  because  of  Its  better  STalla- 
bllity  and  its  better  solubility  In  Hg.  The  aldition  of  0,C02i  Mg  leads  to 
complete  absorption  of  the  free  oxygen  In  meri:uzy. 


Ta3U  32 

Influence  of  *iddltl»es  to  .-’ercury  on  tne  Corrosion  hsts  of  Csrbon  Stsel 


Element  added 

(t) 

Dur.^tloo 

Tempsrature, 

Corrosion  nto 

of  teat,  hra 

(fc) 

<o 

alsrograa 

aai/yMr 

U) 

(•) 

Nothing 

(•) 

w 

(e) 

(d) 

(•> 

addsd, 

the  seM 

ru 

•»r  !■  :.  I?-. 

i-. 

Mi 

( :•> 

Mtjiti 

* 

j  S3 

•  • 

-  i  •  V.i 

from  40 

K'* 

scu 

•  d  »»«« 

c:u 

to  175 

f»i‘ 

h'ut 

.ihtlioti 

1  *•» 

h'%  Pi* 

I.Vi 

W  N« 

»‘»HI 

in 

ii 

1 

** 

tVi 

tu» 

(  t'3f 

1 

0.?5%  ij 

1  * 

<  Vll) 

1 _ 

flU 

► 

dll  1 

i 

<0,3 

Ti 

/f 

<>l  I'M  4.1  ?«l  ) 

1  from  100  , 

aw 

Vt)0 

vSltO 

«IS 

«U 

djt 

!  to  2,000  ' 

1 

M'> 

W1 

1 

<.SUD 

IKO 

<as 

m 

* 


Alkali  laatala  can  ba  used  to  sona  extent  to  improve  the  ability  of  mereuiy 
to  vet  steel.  For  exa-i^le,  in  mercury -vapor  plant  service,  aodlum  and  Iron 
toirt  the  compound  Jia^O'Fc^C.  which  la  Insoluble  in  mercury  and  settled  In  the 
tubes  of  the  system,  possibly  clogging  them. 

Other  metals  and  alloys.  Very  little  information  has  been  accumulated  on 
the  stability  of  nonferruus  metals  atul  alloys  in  a  Tlowir^  mercury  medium.  The 
only  materials  whcse  auticorroslon  properties  have  teen  thoroughly  axaained  are 
mslyblenum,  tungsten,  and  atellita. 

It  has  been  established  that  the  following  metals  are  fully  aeeaptabla  In 
the  lanufacture  of  equipment  for  mercury-vapor  inetellatioaai  b.  Mo,  Cr.  and 
Be.  It  can  be  assumed  that  Ta,  ol,  and  Ti  also  have  satisfactory  antieorroaloB 
propei-tiea.  Tne  foilowsng  metals  and  alloys  have  limited  stability  with  raepadt 
to  mercury i  Nl,  I.'.ecr.el,  Monel  a.etel,  Cu.  Cu-base  alloys,  Co.  atellita,  Pt.  Ms. 
and  or.  Certain  netals  dissolve  well  in  xareuryi  al,  Bi,  Cd.  Ce.  au,  ?b.  Mg. 
Ag,  on,  end  wn,  alloys  containing  appreciable  quantitiee  of  these  elaaeat* 
should  not  be  used  in  eontajt  with  aereury, 

:  .r.naM.i:  ...‘...lals.  l-.iaontly,  coronic  muterltlt  are  auttable  for  uee 
In  •  -cwivury  iefluo,  .>rbcn  doea  not  dissolve  ia  Hg.  at  least  up  to  heaee, 

graphite  cuU  be  expected  to  be  fairly  eteble  in  e  aeroucy  aedluss, 

29.  Lead,  Bismuth,  Tia,  and  Their  Alloys 

Pb,  bi,  and  on  are  alike  in  the  magnituue  of  their  sorroslee  affaot  m 
structural  astsrlsls  (Tnbls  3])* 

iva,’  Cectsia  lapuritiss  of  liquid  lead,  primarily  oxygen,  aatiaoBy, 
arseale,  tin,  and  slac,  exart  a  hanaful  effeet  oa  tha  atublllsy  of  Iron  asd 
ateals  ia  a  leaa  medium.  There  is  still  littls  dats  aoeusulatsd  which  would 
permit  a  quantitative  evaluation  of  tMs  effeeti  this  is  dus  first  of  oil  to  tho 

n'* 
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to  the  dirfieulty  of  coniuetlDg  an  aceurata  aoalyala  of  tba  ozygan  eoataat  of 
lead. 


Fig.  10$.  Frsalpltatlon  cf  Iroa  orystala  la  a  flow  of  load  la  a 
cold  portloa  of  tha  elrcult* 

Tha  atalalaaa  ataala  la  tba  aarlaa,  atandard  eorboa  atoalt  aolyfadoaua* 
and  r.ickal  bavt  autiafaetory  eorroaloa  naUtaoea  io  a  aotloaloaa  laaA  mdlta  bt 
taaparaturwn  t  >  ?uO^C.  Tba  atalalaaa  ataala  la  tha  30C  aarlaa  baaa  at  naldonWLy 
lowar  antleorrsaloa  propartloa* 

«  ^o^rt.-taba  circulatlob  elreult  waa  uaad  at  tba  Cak  Rld^a  Katlwaal 
I..boratcry  of  tba  llw2'  to  atudy  tba  tranaport  of  atniotural  aatortala  hy 
flowing  laad*  I'aploeaabla  apaolboa  tubaa,  aaeb  ^^0  aa  loagiwara  inatallad  !•  tha 
hot  and  lb  odd  portloaa  of  tba  circuit,  Curing  tooting  of  lrea>ahreM  altog 
apacloana.  Iron  eiyatola  warn  found  to  praalpltata  In  tha  eoU  ntao*  Scan  of 
tba  otyatala  aattlad  on  tha  aurfaaa  of  a  apaalaao  tuba  and  aoan  olmulatad  la 
tba  la^d  flow,  flgara  10$  ahowa  a  ereaa  aaotlen  of  tha  tuba,  tegathar  with  tha 
aolldlflad  land  and  oiyatala  of  Ino  la  Ita  aaaa* 
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Stability  of  Structural  Matarlala  In  Lead, 
Dloautb,  and  Jilluya  of  Lend,  bleautb,  and  Tin 


a)  Fern^ua  «etalw 

b)  Carbon  atael 
e)  Iron 

d}  Lov>cbrcsa  steel 
(2-3ES  Cr) 

e)  Hljh-cbroae  ateel 
f J  347  Stainless  steel 
(18*  Cr,  ex  Ni ,  Kb) 

s)  Cray  cast  iron 

h)  1S>6  Sfainless  st«el 

i)  I^afgrrous  metal e 

j)  TaDtalu:;^  uuu  nloblua 
]:)  Sirconiua 

1)  Berylliua 
a)  CbromiuB 

n)  Titanium 

o)  AltimimiM 

p)  Inconel  (I3*  Cr,  6.5X  Fa) 
4}  Uastelloy  C 

r)  Maoganaaa 
a)  Copper 

t)  Nickel 
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t)  Platinum 
w)  Konaietala 

■<)  Beryllium  oxide  (sintered) 

y)  Quartz 

z)  Porcelain 
aa)  Graphite 
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tabu  33  (floBt*) 


.stability  of  Structural  >:Btertal*  ta  Uad, 
BU-auth,  urd  *aicys  of  Uad »  Bismuth,  and  Tla 
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dd)  Hi^h^hrooM 
•tainlcaa  ataal 
{2Tm  Cr) 

•a)  ZroB 
tC)  CarbcB  ataal 
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(Cr-Kl) 
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kk}  Barylllw 
'  KUhltM 
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tabu  33  (coat*) 


stability  of  Structural  .yaterlala  la  I«ad, 
Bismuth,  and  Alloys  of  Lead,  Bismuth,  a^  TJa 


uu)  Xonferrcua  aetaly 
Iren 

•  Mih-ciiiXwie  steel 

u)  310  Stainless  steal 
(2i«  Cr,  20;  Ni) 
yy)  Chrcme^lyhaanus  steal 
vs)  Carbon  steal 

!£•€  Stslaless  staal 
hhj  Steel  (In;;  Cr,  JtS  M) 
he)  .‘•cpferreus  aetsl^ 
bd)  Barylllua 
bt>  Alumlaua 
If)  !w  'tellvy  A,  o,  C 
hd)  alumtaiss  Breata  (Id  U) 
hh)  laetaal  (I3K  Cr,  ra) 
bl)  Cop{«r,  brass,  .toaal  aatal 
bj)  Itlskal  sad  MacaaM* 


Suteetle  alloy  of  lead  eltb  hlsostk 
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'.^LE  33  (eoat'> 


wtiiblllty  of  oti-uciunti  Mitterials  is  Laed, 

Bisauth.  and  alloys  of  Lead.  Blsmutb,  and  Tia 

bm)  farroua  aatala 
ba)  Iren  aul  carbon  ataal 

bo)  Cray  caat  Iron 

bp)  19>6  Stalnlaaa  ataal 

bq)  Nonfarroua  matala 

br)  Tai^sataa 
ba)  Barylllua 

bt)  Zlreoalua 

bu)  Tttantus 
b«)  AlualnuB 
ba)  NoMMtala 

bs)  Tyrax  c1*m 

1>  Oood  (aattablo  for  aataodad  Mralet) 

2«  LUltad  (aaad  oaly  ter  brlaf  appllaatlcaa} 
3»  (cor  (aaaulUUa  aa  alrvataxal  aatartal) 

4.  ttaMowa  (laaafruiaat  <aU) 


iatacile  alloy  of  laad  alth  blaoaitk 
and  tia 
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Crystallization  gradually  1)4  to  eooiplete  digging  of  the  tuba  and  caasatlon  of 
drcul&ticn.  Aa  shown  by  etperimaitt.  lnter>siTe  transport  of  Iron  oeeura  at  as 
saall  a  dlfferenca  in  tha  hot  and  cold  raglona  of  tbs  ayslan  as  O.OOOU* 

Vhen  slaliar  «zperixenta  wars  eonductad  wift  nlekal  and  aolybdaauB  spaelaaa^ 
nc  dissolution  or  tmr.aport  of  speciaen  '^tsrial  by  tbs  laad  was  obsarrad.  In 
these  expsrlT.erts ,  temperature  of  the  laad  was  f.C0®C  in  the  hot  region  and  55®*® 
in  tha  odd  region. 

The  ixpuritiea  contained  in  zlreenlua  graatly  influenea  Ita  stability. 

For  axasipla,  lead  ptnetratad  to  a  depth  of  about  0.023  3m  Into  a  spaelaaa  of 
zirconiuA  With  udniaturaa  cf  aa^talun  and  carbon  bald  In  a  laad  nedium  for  flea 
days  at  1,C00°C.  !r.  this  easa  tha  cr/stala  (grains)  of  ilreonlun  Iti  tba  pana^ 
trutad  ions  did  not  ahsnga.  na  was  shown  by  aettilcgmpbla  nnalysls.  At  tbn 
saat  olae.  laid  did  net  ptr.atrata  aa  far  into  a  spaeiaan  with  n  sanllar  atelntun 
content  aftar  testa  uruar  tba  aana  ecnditlcns. 

ms  Tibia  33  shcwa.  cartaU  nculs  (Cu.  a.  Sn,  Cn.  and  Ka)  annnot  bn 
teccaubdad  for  vtt  in  a  fb  Mdlwt  at«n  at  l.w  tcaparaturan* 

Tba  aaicrlty  v;‘  flraprocf  vsldew  and  atlUaUa  hwTa  good  ratlatnnea  to  ut 
siSgraaatva  afftet  of  1*0. 

Carbldts*  bars  poor  atabtltty  la  land. 

During  aelidtfleatlon.  lead  aomatUta  Ljntraa  to  tba  ourfnan  of  noarti  Ml 
eausan  It  to  tiwk* 

IlMutb  raaets  atrocgly  alto  IrM  at  tnaparaturN  abeen  tbn  pnlMl 
of  attstnnitit  trnanfonattna* 

mrylliun  U  Mtlafootorlly  nubln  la  n  blsnutb  onllum  nt  taarnrnturM  *« 
to  TOd^.  but  at  l,0Dd*6  tbn  acrrooloo  into  boooMo  latoloMUy 

*  Tba  oaparUMti  uaro  aooluttai  ulta  utargroa  Ur>typo  taMllMe 


mussk 


bA»  a  Esorc  »?n  Htatnleno  ntecl  than  iowl  <}o«t> 

•-.•  J  ■'tlJc  .■'I  uni<' :.•!  tliM-St-  cvratiiiilRe-  'i  el  nun  cut  to  bo  loae  cHoblc  th»ii 
^nr;xc  Htulaiei»e  at««ls  such  as  typo  lii^G  stsel. 

cferx're-ovl/baonua  «.rd  obixxc-E-iliccn  cteola  (ccrnpodltlcns  2.2^S  Crj  IS  Mo 
i'rd  ;  t  t-;-;  l.j  .;  j;;  s.'.ovtrJl  ,it<i  '  *  r:  r  i  „•  i„  .  t  lej.utn  xculux  under  otetic  cen- 
i::icr.s  ut  a  of  -f.cO'C.  Tct  o-.-pth  of  Intor^/raculur  penetrotlon  of 

biciuth  in  tbe  ynir:>ce  inycra  of  these  steels  cc;xunl:i  to  no  ijore  thno  0.1  "-T/year. 
ya.-nvsluT,  iirTr:*:~,  jrd  tltanlun  In  ru.  n*.  *.l  <c-s  of  O.bO^-C.O.^^  give  tbe  best 
results  cs  corrosion  in.ibitors.  ctccls  with  q  ni^rh  chroxiuj  content  bnye  lower 
eerrtiicn  recirtanre  than  -ediua  oni  low-olloy  chrotio  steels. 

Irvolalijcsticn  of  a  re-Cr  alloy  in  the  ecci  r  ccrllon  of  the  circuit  Ifi 
cic-rvtd  -here  tr.cre  are  cor.sid«.ruble  ten;  ».r«ture  d  liercnces  In  a  stainless- 
steel  Ejyston  with  flowin,-  bis  ith,  as  in  the  experlc-cnts  with  load  (see  above). 

The  tlr.e  ;'iterv3l  r^v-^red  for  the  entiro  pipe  oystex  to  becctie  doused  with 
crystals  cf  the  alloy  cun  be  relatively  short  C3CO-4CO  hours). 

If  the  surface  of  the  steel  hes  oxidised  r.ctf:tably,  insoluble  accatsuloticns 

cf  the  cxlic  •;un  he  olotrved  to  foita  in  ihe  co'd  ."OMlcns  of  the  ayateoi. 

*  ✓ 

Tr.c  tr*cs_lty  cf  iranafor  of  steel  coT.pcnents  by  biexuta  greatly  decreases 
when  zircor.iux  and  augneslu-c  arc  added  to  tbe  liquid  ictel.  Thus,  for  instance, 
chrcxo-steel  tubes  IO-I3  ax  in  dioxeter  bceexe  cc.cpletely  clogged  with  tbs  sub¬ 
stances  which  have  precipitated  in  the  cold  portion  after  3C;0-4C0  hours  of 
opemiiun,  if  the  bisxuth  contains  no  additives.  At  the  sane  tixe,  when  0.01- 
0,iX  7,t  and  C.01-C.i;C  Mg  are  added  to  tbe  liquid  xetal,  no  clogging  cf  tubos 
sore  than  10  xx  in  diaxeter  is  observed  even  after  10,000-20,000  hours  of  continu¬ 
ous  operation. 

The  decrease  in  tbe  transport  of  steel  coiponents  upon  addition  of 
zirconiux  to  blsxuta  is  usually  attributed  to  the  abeerption  of  zlrconlux  on  th« 
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Steel  swrfscs  acd  the  forsutlun  cf  •  io^er  on  it  protecting  the  muterisl  ot  tbo 
vsll  (~(>stly  Iron)  frea  disaolutioB* 

I’nliks  lead,  biuautb  reacts  atrcngly  with  zlreonlua* 

i<.<'kei  and  aicksl>baae  alloys  dlslntctirata  q-Jlckly  in  a  liquid'blsmutb 
— riiua.  Su.  'tn,  Zr. .  Ft,  and  .^n  cannot  be  used  in  contact  with  bismuth, 

-etals  fora  eutectic  alloys  vitb  '^ia.nuth  i<hich  have  the  following  melting 
points,  respectirely :  ^7C.3i  *68;  260;  234.5»  266;  and  and  the  follovlnc 

content  of  the  elcx-^uts  listca,  in  per  cent*  0,2;  C.6;  O.^li;  2.7i  1«0;  and  U2» 
Quartz  VOS  used  successfully  to  xanufucture  vessels  for  liquid  bismuth 
at  working  tempemtures  of  3^0  to  1,CC0*^C.  It  should  ba  borne  in  mind  that  bis¬ 
muth  wets  quartz  surface,  'sticks*  to  it,  and,  expanding  during  solidlfizatlon, 
can  cause  the  xsterlal  tu  crack. 

Curboc  is  soluble  in  bismuth  to  O.OX2‘<«  at  1,355^0  and  0.01?^  at  1,406^0; 
ut  1  ,CC0°C  to  substantially  less  than  O.OIX.  Graphite  crucibles  were  used  as 
liquid  bismuth  ccr.tainera  (  1,CC0®C)  and  snowed  fairly  satisfactory  corroaicn 

resistance.  l<'ccctheless ,  cases  where  crucibles  were  broken  as  the  metal 
sciidlfied  in  them  were  frequent. 

7h*  -tnbMitv  of  hcit-resistant  metalB  in  blrcuth  at  hi.;h  tamperatures. 

Tests  of  certain  neat-resistent  materials  in  bismuth  medium  in  the  high-tezpcratura 
rang?  (?CC-i,300''C)  were  carried  our  by  Heed  11431  •  The  results  of  his  experi¬ 
ments  are  given  in  Table  34« 
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TABLE  34 


Corrosion  of  6ome  Heat-resistant  Materials  in  Bleauth 
(under  static  conditions) 
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TaBI£  J4  (conf) 


Coi'X'uaion  cf  xoxe  He  .t-rosiatent  Materials  in  B'amuth 
(utider  static  conditions) 
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i  TABLE  34  (eonf) 


Corrosion  of  3om«  Heat-resistant  Material*  in  BlsJiuth 
(under  statle  eonditiona)  ^ 
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temperature  limit  iodicated  eaa  be  raised  to  700°C,  i.e..  apprcxloateX/  to  tbe 
austenitic  transformation  point.  Certain  investigators  assumed  that  lead  and  the 
bismuth-lead  alloy  affect  only  the  ceaentlte  component  of  steel  without  changing 
its  ferrite  component  t  for  practical  use  they  recommend  one  of  the  industrial 
brands  of  steel  with  a  n<a:(.\mum  carbon  content  of  0.12S. 

Like  lead  and  bismuth,  tne  P':>-Bi  alloy  Is  more  aggressive  toward  austenitic 
stainless  steels  containing  nickel  tham  toward  cbrome  steialesa  steals. 

The  rate  of  corrosion  of  type  410  stainless  steal  in  a  eutsetle  bismuth* 
lead  alloy  (as  in  the  cass  of  bismuth)  dsersasss  In  ths  prtsenos  of  tltaaiUB. 

It  has  been  establlsb*-d  thst  adding  titsniua  reduces  in  partieulsr  ths  rats  of 
solubility  of  chromium  in  ths  liquid  motel,  simultaneously  reducing  the  rets  of 
solutillty  of  iron* 

Cast  iron  is  liable  ts  crack  utdar  prolonged  service  in  Fh-Si  snd  thsrsfors 
carutut  be  recus.;ended  fur  practical  applicstiohs. 

uurfeces  of  tur.osten  clsctrodcs  used  to  asssurt  liquid •astsl  flows  vita 
magnet te  fUvnvters  (see  Cnsptwr  */I),  yreduslly  btcoae  dull  In  •  autectie  *h>£i 
■ueuict.  Thio  pntfncs'»r.cn  is  attributed  to  oxidstlcn  of  the  tungstsn  csussd  by 
oxi'ges  eooteined  in  ths  alloy* 

lift*  The  sonostes  affect  of  sis  ea  stnietuMl  astarislr  is  fuadaasstally 
dsteniaed  by  the  intsatUy  of  Irtergmsulsr  pssetratles  of  liquid  astal  tato  tho 
surfset  layer  of  the  astwuisl.  lavsrgrsnulsr  psnstratloh  stnugly  hfrosts  ths 
propwrtiss  of  uetslc*  is  psrtieulsr,  thsir  dustility*  It  ths  asterlsl  is  sffeetod 
b/  ietsuusl  stuusses,  its  sUhtllty  with  reepset  to  liquid  tiu  dserussss  grsstly* 

Tio  resets  strosgly  with  Irou  st  teapsrsturss  shoes  the  polat  of  oustusitis 
trsssfomstiou* 

Cast  tros  and  eorhoo  steels  hses  Iteited  eomsiea  rselstsues  is  tU  «t 
toepsrstuees  up  to  300l*IC|  tho  sustohitis  ssd  forritle  stsiulsss  stools  ors  set 


recosmended  for  use  at  taaperaturas  abCTa 

Beryllluji  and  titaoluai  ara  not  affeetad  advaraaly  by  tla  up  to  500^;  tha 
stability  of  slrconlua  In  this  taaperaturo  ran^  la  liBltcd. 

The  aleaanta  W,  Mo,  Ta.  Nb,  Cr,  and  V  can  ba  used  as  structural  natarlals 
for  serrlca  In  a  tin  aedluai. 

Tha  following  eler.ents  cannot  be  raeonaanded  in  t1»w  of  their  high 
solubility  In  liquid  tin:  kl,  au,  Cd,  Co,  Cu,  In,  .Ig,  Nt,  Pb,  Pt,  Sa,  Sb, 
and  Zn. 

Slsnutb.  lead,  and  tin  alleys.  Tie  solubility  of  standard  alualoua  ts  tho 
Bl-fb>^a  eutectic  alley  with  a  dlfferanca  la  the  alectrlc  potent  ills  of  tbo 
wall  and  tha  liquid  aaouata  to  Ji,  wbllo  aaodltad  aluxlnua  uader  tho  a«ao 
eondltlcaa  dlaaoleta  la  queatltlaa  of  taly  0*13S*  abaa  there  la  ao  petoatlal 
dlffereacc,  at  the  sise  teapamtura  t'do  solublllly  of  aaodltad  aluatlaua  aaouata 
to  0.94X. 

Tat  alloy  containing  92i:  Pb  aad  61  Sa  prevea  to  ba  sort  a«sr***i** 
reapaot  to  Anuoalroa  and  cerbea  and  ehro^  atatlt  than  du«s  pula  lead* 

atabilltr  of  »«at.r.st*t,nt  suterlali  tn  tin  at  blab  taaatraturta.  ItaU 
of  certain  heatartaistant  natorlala  la  •  tla  ttdlua  la  tbt  blj^>taapofatttra  naft 
(eco<4 ,300*6)  were  ccaductad  by  tteod  [^lo]  •  Tbt  rtialtt  of  bit  tiptrlatala  ara 
«lvaa  la  Tibia  35* 


30.  Tnatport  of  attlvlty  la  Llyti  ttal  flyaMaa 

Taa  Itsuld  aetal  olrtalatlas  la  tba  ayataa  baaaaaa  radleaatlta  daa  ba 
Irradlatlaa  ta  a  autltar  raMtar*  OOdar  pewtrfal  tmdlatiaa,  tbt  atllaiby  at 
aedlvn  la  taayarabla  ba  bba  aabltlby  of  ladlaa*  talab  aakta  lb  dlffttalb  tar  bha 
atmtt  pofM***^  ^  ayproatb  tba  ayabta  aOta  lapaln  attdti.  la  oiOar  ba 


M-SSk, 


in 


I 


reduc*  oTeroll  activity  of  tha  a>st«a  to  a  aaft  lavei  by  raaoTlog  tbo  aodlua  froa 
it,  It  is  neeea::ar^*  to  drain  or  flush  of  tho  aotal. 


TaBLS  as 

Carr'sloa  of  CartalB  Haat-raslstant  Materials  is  Tla 


(under  static  eondUloss) 


i‘>aterinl 

Tsspsiatura 

of  tla,  ®C 

Cu ratios 

of 

SXfiSrlMBt  • 

houn 

COBtSBt 

iB  tlB 

aftor 

sxparlaaBt 

ftiporlMBUl 

rasttlta 

1000 

338 

1.49 

Uaavy  ooirMie* 

pu») 

ISOO 

0.07 

Haavy  eorroslea. 

■ 

■oI/Mmim 

\ 

eryaula  In  %%m 

TungstM 

: 

♦ 

! 

1 

(99*9X  P«») 

1000 

40 

0.001 

f 

f 

litcii«iblB 

teiTMtM 

Thstsiw 

i 

1 

liBBfy  —noutm 

17^ 

!  1 

.  o.ay 

! 

i 

(9a.9a(  r«») 

1 

1 

1 

^twilai 

1303 

!  *80 

t 

0.004 

Ita  MnMlM 

1 

i  !  i 

I  I  I 


it* 
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T«SLS  35  (eoBt*) 


Corroalon  of  Certain  Ueat^realatant  tlatarlaln  in  Tin 
(under  static  eondltioaa) 


I'^terlal 

Ta.Bpeieture 

Duration 

Centaat 

£xpdria«atal 

of  Mu, 

of 

In  tin 

rcsulta 

cxi>arlmant , 

after 

boura 

•rporteant 

Kaanasatnl 

Waabinp  out  of 

(ia3ai} 

0,C03  T1 

cobalt  froa  the 

Tic  : 

1000 

IM 

3.42  Co 

alloy  obnerrod 

Co  :  13< 

W  .  TaC  •5( 

AUr  crapbito 

froa  600 

to  2,000 

1 

- 

tie 

eoiToatoB 

UCO 

640 

- 

dotoeied 

;^iyWoMB 

1000 

166 

C.0004  Na 

Nadonta 

dIaUUMo 

0.01  at 

aamalM 

1300 

1(6 

- 

Maaoir  aar.oalM 

TaaUlwi  aacMda 

icoo 

1(6 

0.16  Tn 

Nodmta 

(tnton  far 
i»natoana 


ipoo  ua 


0.0l  at  Cnrwian 
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Tabu  35  (eoBt'} 


ConvaloD  of  Cartaln  Matarlala  la  Tia 

(undor  atatl«  eoDditloaa) 


Material 

Temperature 

of  tin,  *C 

Duration 

.t 

experlaaat , 

Doura 

- r 

Coataat 

in  tia 

after 

exparlaaat 

Erpariaaatal 

reaulta 

Cnrenua 

1500 

1(8 

- 

Ho 

Tubaa  nada  of 

*.''torcaalta* 

alwnlaua  oxMa  j 

i740 

1 

eorroaloa 

datoatad 

Tm  aeliviiy  of  tat  aattl  molatac  U  tbt  drtlatd  ayttta  rl«ty>4ot  to  tto 
yzaavoca  la  it  of  ttta  taaatUlta  (Itat  ttaa  C.UOU)  of  ladltotlta 

adsUturta  U^Tlaf  a  Ice*;  tolf«llfo*  Aautakta  of  oAaUtarta  wblta  art  atfllflMa 
froa  ta#  atandpolot  of  tbtlr  laflvtaoa  ea  tao  torrealoa  rtatotoata  of  tto 
aatarlaia  aad  ea  tto  aaat«tnMkaftr  pr.ptrfin  of  tto  aatai  taa  prvMt  to  to 
lato;tr.blo  daa  to  tto  daacar  taaaai  by  ladlatloa.  Tto  aerroalea  fniwto  of  tto 
atnietkial  aattiiaU  fom  pa^t  of  taoto  odalxtarM*  OoiToalea  proaatolat  otoa 
at  a  ttqr  aopXlolMo  rata  fraqiioatly  oaaooa  aooalAoiatoo  aatlaity  to  apioai 
tarouctoot  tto  aatln  alreutt*  riaatoa  >f«4aaU  of  tto  aaalaar  ftol  Mblaa  §01 
tato  tto  otmit  of  tto  aaat^traaafor  sUla§  act  a  aoofto  of  aotlvity*  tafottor 
with  too  aotol  ttoolf  oad  'it-  :^ato«>oa* 


Badioactlv«  elements  eoBtelned  In  the  llquid-aetnl  systems  emit,  ss  •  rule 


t.ajkna-  and  teta-rays;  In  this  case  the  gesns-rsdlsticn  pleys  the  nejor  role* 
since  bets-rays  are  ccmpletely  stopped  by  the  wells  of  the  pipelines  end  boilers 
of  the  elreult. 

The  results  of  certain  axperlAentsl  studies  cf  the  trsnspoirt  of  rsdloeetlve 
elements  in  sodium  circuits  sade  of  type  ateinless  steel  are  dlauussed  belov* 
Tne  method  of  dvtenclnint;  the  Intensity  of  trans{ort  wes  Chsaon  to  ell  the 
experiaents.  ou  cctive  source  of  kncwn  strecath  is  made  of  stalnlesa  steel* 

It  is  pieced  in  a  scdiux  circuit  made  of  tbe  ssrs  kind  of  steel*  but  not  eetlve* 
The  rule  st  which  steel  is  resavcd  from  the  source*  In  mlero^sss  per  stuexe 
c^ntlaeter  it  surfeee  per  south*  Is  detsimlned  by  aessurlhc  ths  euaulstloe 
eetlrity  on  the  vails  sf  tbs  circuit.  Ths  vclus  obtslned  la  this  anansr  differ* 
riv.t  ths  rate  cf  ccrrcsivn  of  ths  satsrlsl  in  thst  It  dcst  hot  leslude  the  eteel 
sotporente  dietolved  le  the  liquid*  furthencre*  In  thle  rtee  the  trutefer  ee* 
he  dtitemincd  for  the  steel  ee  e  ahcie  see  fer  eeeh  ef  Its  redtoectlve  eoapeMttte 
Indlelduelly* 

The  trsnsport  is  dttertlccd  either  in  seeled  ccntslners  (eepsules)  ef  eaeU 
eoluae  or  le  espsrieentel  loops  (elreuits}*  The  euptuls  tehee  tee  fern  ef  e 
helleu  cylleder*  ^  ss  ie  dlaseter  eid  ^0  st  le  bei|St*  Is  ubleh  epeeUMse 
ef  tlM  seterlsl  studied  eed  se  eattv*  souri*  ere  pieced*  The  cepcule  le  ruled 
with  sodlua  sad  plsecd  is  e  auffle  furasec  where  It  Is  held  for  e  4lvss  perftai 
ef  tlae.  Vhll*  Is  the  fwrseee*  the  cepeul*  Is  eestleueuely  letated  Is  such  s 
wey  that  the  liquid  aeUl  wechec  the  eurfse*  of  the  ipeetses*  eh  e  gl*cs  late* 
•fter  this  the  eepeule  is  epesed  sid  the  esrfee*  of  the  epeelaeae  etudlsi  ta 
dcteiBla*  the  depth  ef  dlffbsteh  of  the  ladtesetlee  elcseets*  If  dtffheioa  st 
the  eurfsee  Is  set  the  ehjset  ef  studp.  the  eepsel*  ttssif  css  he  used  th 
detcniihe  ths  neeuste  of  eettwtty  tresspertst*  est  It  is  set  eeeeeeedy  la  plash 


mi-sSk. .. 


/fS 


ajMclMna  in  it. 

Tbt  inatallatlon  cf  Fig.  110  !•  .soostructMl  on  a  alsilar  prlDclpla.  Mkklag 
It  possible  to  study  the  Influe&ce  of  the  ozygea  coctest  cf  Ks  on  the  lateBslty 
of  activity  transfer.  It  consists  of  two  parallel  vertical  tubes  jolaed  at  tha 
bottom  by  a  borljcctal  tube.  *a  active  scuixe  mace  of  type  347  steel  la  placed 
la  the  bcttoc  cf  cae  elbcw  sad  a  test  spaclaea  of  this  steel  la  the  bcttca  of 
the  other  elbow.  The  whole  device  la  attached  to  a  vlbretlag  fraao.  Tha 
avenge  rate  at  which  the  radiation  source  and  the  speclitea  are  washed  hgr  the 
liquid  Is  0.13  a/aec* 


Fit*  1^0*  Fet^  for  etedylef  the  iaflaeaee  of  the  esyget  eealaab 
ef  aedltM  ca  the  me  ef  eetivlty  ttaespert.  &•  aettee 
eottveei  3«  velwe  (hr  ewdluat  ejteelaeet  4*  ddM  trapt 
5*  taert  tee  (hed  llae. 


)Ct*5St 


/V 


XT 


A  eapsul*  iB  which  liquid  actul  eireulatas  by  fr««  conTeetlon  or  by  ataas 
or  a  magnat  Is  ecntrenisDt  In  dcteiaibing  tha  iotecalty  of  transport  of  tbs 
material  as  a  whole.  A  dawlca  of  this  tj'pa  la  shown  In  fig.  111.  Sodlua  Is 
poured  Into  a  stainless-stael  eapsuls  Into  which  sro  also  placed  a  holder  with 
the  source  of  radloaetleity,  up  to  IC  steel  test  specimens,  and  a  sampling  ladle* 
The  upper  part  cf  the  capsule  is  ’'vMiri-t«d  to  a  glasa-tute  system  fitted  with 
stepcocke.  *s  shown  in  the  figure,  tha  li«^i^  of  tha  device  stakes  It  posalhls 
to  replace  speclxens  and  to  rente*e  tha  aodlus  aeleetad  for  snalysla  from  the 
capsule  prste'*ted  by  the  inert  gee.  without  dieturblng  the  eouice  of  aetlwlty* 
Figure  112  euowa  a  diagntx  of  a  itt»up  for  studying  the  trenapert  of  radio* 
act  lee  elcncr.ta  in  svdlus  contained  In  a  circular  tuba.  Tea  tuba  Is  plaood  om 
s  round  plate,  a  epeclel  klneaatla  deelee  eoasunleates  •  reverao-rotatlag 
sot  its  to  Iti  the  overage  liquid  flow  velocity  reaehea  4*3  •/••*• 

.‘•‘stural  ctrculetloh  elrcutta.  with  tespereturea  U  their  esceedlng  ahi 
dej:eh*:i«4  ;rrtiees  of  5C0-oC0*C  ecd  iCO*150*C.  respoetlvelyt  an  tine  utod  to 
study  eettvlty  trtMport* 

Veiy  valuable  r«B<*lti  srv  produced  by  vaptrlnsnts  eeeduotsd  U  fOteod 
elrculatloh  loops  as  wall  as  la  loops  Installed  inelde  nuelaor  mnetrrs*  Is  bh* 
letter  esee  it  U  pose  ibis  to  study  tbs  Isflueaeo  of  radUtlen  om  tho  tMMfhr 
preesss.  Only  one  tsperrlaental  Instsllntlon  of  thU  typo  Is  kaouh  to  sstmt  *4 
present.  Xt  wnn  deat^od  oe  as  to  fit  onnpletel/  Into  oat  af  tha  daata  af  am 
asperlaaatal  raaitor.  Tha  lastallatioa  laeladaa  a  aasttam  haatsi  by  tha  ra* 
aetor,*  aa  alaatrooa^tte  yuay.  aai  a  haat  aAshaagar  la  whlah  IrfadUtad  aadtnm 
tmamilta  Its  haat  to  a  aodtua«p<‘tsMlhB  alloy  alfunlatlag  la  tha  aaaoadaiy 
(aoarsdloastlva)  slnalt.  Tha  tatlra  aaaaihly  la  sylladarlaal  w  *4  •  laag  aai 
140-170  am  la  dlsmater.  Tha  total  aaowab  af  aadlua  la  tha  ayataa  la'''l»flOO  ft 

•  Tbla  aattloa  la  alaa  sqalypsd  with  aa  alaotna  hentaae 

ifr 


..  n„.  „  10  ,„ 

th.  31<^C  (..  .,„  ..U..  ,^.  ^ 

1.  .,.lpt«  .„b  „„„i  ,t,.,i, 

actlTatlon  of  the  secoiulaty  circuit* 


W«.  Ml.  0t»«a«  f»r  •tu«,tii«  tnM9»n  of  Mtuiir  ^ 

iMttenMl  coa«ltiM«.  i.  M.UJ«M4t«tl  UMMtot 

a.  tol««r,  3.  ...Uta,  4.  3. 

•oil  fw  .limn  ooilmi  4.  .HtiMii  7.  «ciin  mum. 


ittU5SV 
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fl<.  113.  for  rt  idytnc  ir>efsori  of  r»dloo«tlvt 

tloMttta  !•  1»  3>  rl*U(  )•  toko 

ottk  Mdlust  4>  llakog** 


foklo  yk  (lt*«  MM  ti^rlMktol  rifHm  «i 
Mtlvltjr  UhM90t«t  mUIm4  wltk  U*  tMUlUiloM  jMi  4oMrlM.  it  «w  Mm 
MooMl  tM  MMlMMiil*  4ltf»rMe*  la  Ua  MitlllMa  aaiar  oUafe  tkaaa 
askartewta  Mra  aaatnaiaA.  kkar  aar  aaaattarat  la  asna  aallatMlarUt.  a# 
IM  taUa  afeaM.  Um  faUllaaaaipa  batMaaa  Ua  rataa  at  liaaarart  at  lallaMaai 
alaaiata  ar'^  akeal  Ika  a«M  la  all  Ika  aayanaaaia* 
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TABU  36 


{i«t«  of  Transport  of  Certain  RadloaotiTo  ZIwMnts  by  ikidliai 

(IB  j  > 

ea  aoBth 

^paclBfini  typ#  347  t>talnl#»«  attal '-'5®®*® 

O2  eOBtOBt 
in  Na.  S 

Capsulot 


Iscthtrial  ModitloM  Kpr,tsotb«rsM>l  ooadikloM 

—  0.C03  c.^01  o.aci  c.;w3  «»  4.003s  o.co) 

OuratioB  of 
txporUoat 

.  ys _ at _ Xe  go  T  101  _fifi _ 2S _ — 

ro5*  3  0.7  04  *  *  —  •  • 

Co^  oa  o.g  0.7  0.7  0.0?  0.4S  '  i  } 

*****  •“3  5  S3 
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Bhutto  mOo  of  tyfo  3t4  oUtalOM 
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Tne  values  of  activity  transfer  rates  obtained  In  tests  conductwl  by 
Haag  [93]  ,  using  an  experl.sental  loop  placed  Inaide  a  nuelesi*  reactor,  are  given 
in  Table  37.  By  apparent  transport  rate  (see  Table  3?)  for  a  given  element  ia 
.leant  the  de-rease  in  the  weignt  of  steel  corresponding  to  the  value  of  the 
transported  activity  (3'“te:nnined  for  a  given  isotope.  The  apparent  rates  are 
not  the  saae  for  different  Isotopes  since  the  intensity  of  the  tronsport  of  an 
elR.ient  Is  net  proportional  to  its  concentration  in  the  ateel.  The  Individual 
transport  rates  given  in  Table  37  were  determined  by  the  apparent  rates,  allow- 
ing  for  the  content  of  the  given  isotope  in  steel. 

As  sho'an  by  experiments,  the  follcwing  radioactive  Isotopes  (all  grans 
emitters)  basically  Jotermlned  the  activity  transport!  Oo^®,  and 

From  the  s-.a.hcpoint  of  effect  on  transport  intensity,  the  eospositloa  of 
the  active  source,  in  particular  the  tnpurities  in  it,  la  of  great  itportanea. 
For  ex.uple,  tantalua  and  cobalt,  praaent  in  atainUss  steel  as  fortign 
Impurities  are  intensive  gaasu-emittera.  Ths  Isotopa  ia  foratd  froa 
in  accordance  with  the  (» -^ )  rcectioa  occurring  during  irndiattoa  of  atetl, 

Date  froa  radlhc.'.e cical  unalyuiv  of  a  staei  speclaen  ahich  hud  sustalnatf  ■ 
neutron  flux  of  0.,<)t!*10^^  neutron/o«^*ato  for  ?3  gi**B  tn  Tabla  3^, 

The  table  gives  only  the  nuln  ga.&.sa-«.(iitters  with  half-lives  of  noro  that  JO 
days. 


table  37 


R^te  of  Tron^port  of  C<>.i*taib  BddlcaetiT*  Itotopua 


Contain.  1  in  otalnlaa*  3ta«l 
(aceoruing  to  aata  for  aB  azparlaental  loop  i#lth 
C.CO.ii  oxygen  content  Id  aodlua; 


Isotopa 

Half  .Ufa 

Apparent 

I 

;  Individual 

Tranaport  rata  with 

1 

tranaport 

transport 

'  respact  to  eoNilt 
~80 

1 

rata. 

rataa. 

allillgraa 
e^<.  month 

eai2  aoatl 

1 

o 

c 

50 

0.0032 

3,7  • 

1 

315  d*  » 

0.13 

— 

— 

nc  (.ava 

0.30 

3.0  •  10"^ 

75 

ra59 

40  daya 

0.013 

8.3  •  10"3 

3100 

Cr5^ 

daya 

( 

O.OOC4 

'1.0  •  10** 

« 

*0 

:t  appeara  beat  ireataeat  of  nlaal  laflae&aaa  tba  lattMlt/  of 
aallvUy  tranaport*  For  aaoapU*  aiaealei  apaalaaao  of  317  ataal  gif  a  hi||Mr 
tranapori  rata  tbaa  apattoowa  Mblab  ha?o  aet  baoa  aaaaalai*  tba  aorfiaa  aiaaa* 
aaaa  of  tbo  aouraa  of  aallvtty  aai  of  tbo  aoaaatlaa  aatal  oaaM  Ip  tlo  oo4t«B 
pU)pa4  a  doalaaat  rola*  TM  mat  offa^tlva  nataoda  of  alaaalag  aUlalaaa*atool 
aurfaaaa  arai  Maalta^  ottb  par*  aodlvo.  aeld  atollact  aiaatrepolulloct  o*^ 

I 


I 


bigu^teapeniture  annealing  la  a  nydrogen  atJiospharCa 

Fjcper'.rents  conducted  with  ferritic  steels  and  zirconiua  show  that  thalr 
activity  transport  rates  are  less  than  or  equal  to  the  transport  rates  for 
austenitic  stainless  steels. 

The  influence  c?’  the  aateri>*l  vC  '.h-  *  of  tspertsentai  circuit  CB 
tne  irtensity  of  activity  trarsp-il  sp<^clally  studied.  It  appeared  that  la 
usir-e;  the  hose  ccuree  snteriaX  (type  347  stainless  steel)  the  Intensity  of 
transport  to  the  surface  of  Jib  and  347  steels  was  the  ease. 

Tne  value  of  the  activity  transferred  to  unit  surface  of  the  circuit  la  la 
inverse  proportion  to  the  ratio  of  this  ruri'ace  to  tha  surface  of  the  source* 

'sr  parts  of  the  systen  located  closer  to  the  source  prove  to  be  sore  highly 
activated* 

The  es/£en  eonteet  of  the  eodlua  hss  e  decided  effect  oa  the  transport 
rate,  arcordisj;  to  i'aag  [33]  t&e  traasport  me  of  the  Isotopes  Co^^,  {e39* 

sAd  treresaes  by  34*  17*  )>,  end  4  ti  iast  rvspeetivelyi  as  the  esycaa 
content  of  tiiv  swaiuc  changes  froa  0.0027  to  0*CC39(* 

Tna  cdlltion  of  ccitalh  c*b»laoces  (li-hilltci’s;  tc  irdlua  rtducas  the  la* 
terelti  of  t;  htport.  The  oetlca  of  transpcit  Inhihitcrs.  appartbiiy*  is  boaed 
ou  the  decrease  in  the  eoaceotrat'.cB  of  oxide  in  the  liquid  oetal  sad  00  the 
fcxtutlcB  of  a  proteetiee  layer  oa  the  surfaet  of  the  ateel  whieh  haapers  the 
dtffusivv  exsbengo  betMta  active  and  nonaotlvt  atoM* 

Tbe  iahlfeitor  should  bt  aolubla  ta  the  liquid  aetal  and  ahould  have  a  leu 
aeutroa  abaorpttee  Croat  sactioa  te  avoid  paraaltle  Capture  of  aoutroM  te  tha 
luaeleri  its  Irradiatloe  preduets  sbeuld  eet  bavt  high  activity  or  lest  half* 
life* 
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TABLE  38 


Data  from  Radiochemical  Analyda 

of  an  Irradiated  Specl'iica  of  Type  347  Stalalesa  Steal 

(neutnjn  fluxs  0.54  •  neutrcr.s.  irradiation  tlmei  25  daya) 

car- .sec 


HadiOdotive 

Kair-llf« 

1 

Kiinber  cf  decays 

1  Content  of  elves 

isotope 

per  zicuta  per 

'  element  la  the 

1 

1 

graa  cf  steel 

1 

apeclmea,  vtX 

f.59 

4^  days 

1.7  •  10^® 

64.4 

0 

0 

5,S  yesra 

7.3  *  lo’ 

1  0.C71 

117  daya 

2.7  • 

!  o.oea 

.'•^4 

JIC  daya 

e,7  •  10^ 

- 

6c  daya 

l.T  •  10® 

;  0,004 

nc 

•c 

270  da>-a 

1.4  '  IC^ 

1  0.C013 

1 

S30  daya 

1 

1,3  •  10^ 

1  o.ccar 

» 

ZCi^ 
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Tabu  39 


Cc^ipariacn  of  Effect iretess  cf  Various  Inhibitors  of  Activity  Trsaaport 
(quantity  of  inhibitor.  ).;J  by  weight;  speciaeni  ^yps  347  steal) 


Inhibltcr 

Cry^-en  ccr.tent  in  sodiua 

in  ten*thousandths  of  a 

^  per  cent 

free  energy  of 

cxldr  fcKatlce 

heal 

fffeetlva- 

ness  of 

inhibitor  * 

i 

Initial 

(before  addi¬ 
tion  of  iehibi- 

;  1 

1  ter) 

^raa-otoa  cf  oxyraa 

final 

,  (after  add!- 

1 

tloB  of  iahibl- 
1  tor) 

i 

1 

i 

Sarlua 

«2 

27 

113 

17 

Street iua 

10 

n 

122 

la 

Celeiua 

k5 

27 

133 

10 

TiteniuB 

1$ 

3* 

52 

4.# 

ABtiAcny 

30 

0 

be 

5.7 

Keguslua 

3« 

It 

la 

5.4 

CertuB 

17 

u 

96 

2.8 

Tla 

a 

kk 

*9 

2.7 

Kiektl 

a 

7# 

43 

1.8 

Beiyllltb 

?3 

73 

la 

0.7 

Ceelia 

3* 

5t 

82 

0.7 

Chroalia 

It 

a 

71 

0.5 

SoillA 

— 

- 

t» 

- 

*  Tfce  crieetiveMM  of  the 

tahihtter  le  deftaed  ea  the  r.tle  ef  the  eetivltf 

STtSlSJlel*  ••  iwi-port  file  1.  the  pteMhee 
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A  comparison  of  the  effectieeness  of  Tarioua  transport  inhibitors  Is  elvsa 
in  Table  39.  As  can  be  seen  frcn  tbs  table,  substances  cbaxsetarized  by  ifrsstsr 
free  ener^  of  oxide  foxxation,  i.e.,  having  greater  ebsTical  affinity  for  oxygen 
(see  Chapter  11}  are  generally  better  iribibitors.  Substances  whose  energy  of 
oxide  foraatlor'  1:  le.fs  the-  ♦‘•.nt  of  sodlu-  (ccsiua,  ehromiua,  etc.)  only 
increase  the  transport  rate.  In  this  esse,  the  czids  prctectivs  fils  on  e  steel 
surface  is  oestroyed  ratbsr  than  tbs  inhibitor  being  ozldlxad.  This  In  nine 
shown  by  the  inereaat  in  the  oxygen  content  of  the  ecdlun  (see  Teble  39}«  Me 
distinct  leletionship  is  observed  between  the  decrease  in  eoneentretlon  of  oxide 
in  the  sediua  when  en  inhibitor  is  added  to  it  and  tha  affaetlvenesa  of  tbe 
latter.  The  best  transport  Inhibitor  is  bsriua.  Shen  L»  beriua  la  added  to 
sediua.  the  ti-arAport  rate  of  Ta^^^  greatly  decreases  (IC^  tixes)  as  does  tbe 
transport  rate  of  fe^^t  and  to  a  lesser  degree  (Ce^  by  7  tinea}* 
Is  order  to  &>ke  it  ;«sai>le  to  rveoaiobd  using  berlua  e»  an  inhibitor  under 
Industrial  oinditlonst  it  in  noeetsery  to  find  reliable  nethode  of  reaovlng  Itn 
oxide  froa  tbe  eye  tan* 

It  baa  been  eetabliebei  that  the  aaount  of  aubstesee  tmnaported  Inereesee 
expocviit  uUy  with  tenpozature  in  eeeordanee  with  e^ustloni 

legs  (49) 

where  A  u  tbe  eetlvlty  z^aesured  by  tbe  nunber  of  aepetaie  deenya  per  nlmito 
per  gmn  of  neterta;i  (rielnleet  ateel)i  T  is  tbe  sbeolnte  teapemtnre* 

Kxperinante  eondueted  untng  free  eonveetlen  of  tbo  liquid  neUl  obowad  tbnt 
tbe  preeenee  of  «  tanoemturo  drop  In  tbo  ayeten  doe#  not  aotloonblp  tnfluaneo 
tb#  Intennlty  of  nativity  ttnnepoit*  Tbo  exporlnonte  wore  eoaduetod  witb  relo* 
tlvoly  annll  eoneentcatloos  of  oxygen*  end  type  347  atolnleee  nteol  nerved  no 
tbe  nnterlnl  far  both  tbe  eetlvlty  souree  and  tbe  eapoule  for  tbe  netnl* 
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Time  doea  cot  hare  aa  decided  an  effect  on  the  rate  of  tranefer  aa  do  the 
temperature  and  oxygen  content.  Teeta  carried  out  using  Tarioua  ezperlmantnl 
set-upa  gave  different  reauita  for  the  function  relating  the  amount  of  aetiait/ 
received  by  a  steel  ^urfn'*  the  time.  It  has  been  entablifbed  that  the 
depth  of  the  actirated  layer  cen  reach  2.5  aim  after  an  inatailetlon  haa  bean 
operiittln^  for  five  months  at  a  temperature  of  It  nay  be  asauaed  when 

cesigning  liquid •c.etai -reactor  cooling  cireuite  that  the  amount  of  ectlrlty 
received  by  the  surface  of  the  circuit  is  proportional  to  the  length  of  opemtioa* 
The  liquid  flou  velocity  haa  little  effect  on  the  intenalty  of  activity 
Inraport.  The  soma  can  be  said  for  the  influenca  of  a  atrong  neutron  flux 
(up  to  10^^  neutron/ea^'sac)  on  a  apaoiMn. 

The  resulte  of  the  experlxeata  make  it  poaaibla  to  reviaa  the  upper  Halt  of 
the  rate  of  activity  tranapert  in  Industrial  Inatallatiena* 

The  concentretion  of  atoaa  of  any  radloactivt  alement  in  atruetural  matorioX 
Icceted  in  the  core  of  a  reactor  obeys  tba  following  lawi 

(70) 

4  • 

whart  ^  is  the  eencantratioc  of  actlveted  ato.ia  in  atael  irradiatod  ianidt  n 
raacter,  atoa/gi 

^  is  the  rata  of  foraation  of  a  given  ndieaetivt  alaaent  m  n  mnult  nt 
the  abaoiption  of  nvutfona*  ia  atoaa  par  aaeeod  per  gna  of  aatoilnii 
X  ta  the  radioactivo  deoay  oenatnnt  of  the  given  nubninneni  1/m«i 
!•  la  thv  tlaa  of  operation  of  the  Inntnllallon  nt  e  given  neutron  fins 
deestty,  aee. 

^  In  thti  eneot  eUinlnnn  nteot* 
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Integrating  Eq,  (70)  for  an  initial  eoneaatratlon  a^ual  to  Mio  produeaa 
the-  following  expreaBloat 

(71) 

^jlnce  the  activity  M  of  a  given  elaskent  le  expraseed  by  the  number  of 
nuclear  decaya  par  aecond  per  gram  of  material,  equal  to  A^!  ,  wa  Itava 

(72) 


Noitto 

Fig*  llj,  aettvity  transport  In  a  hypethntlonl  cyntw* 


let  ua  nalculata  tha  aetlvlty  of  ■atnrlal  reanveg  fmn  a  roaatoi  Ip  Milna* 
The  quantity  of  aetlaatad  atoan  raaotad  froia  tin  reaetor  oinyn  tha  aqnatlani 


(73) 

t*em  R  la  tha  lataanlty  of  nativity  tmnaperi  (In  gnnn  par  aaaoai)*  l»a** 
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th«  specific  tranaport  rata  (1&  gituas  per  second  per  unit  aurfaee) 
multiplied  by  the  area  of  the  acuree  of  aetlTity. 


The  Talue  ^  ^eoteriug  Into  (73)  representa  the  rate  of  decay  of  the 
transported  atoms.  Ccmblnlng  £qs.  (71)  end  (73)  «e  geti 

">  ■*'•4.(1-,  ■'»  .  (74) 

Integrating  (74)  for  e  transported  activity  of  zero  at  the  initial 
Inatant  cf  tl'ie  gives  1 

(75) 

Then  the  total  activity  transported,  expressed  la  tensa  of  the  nunber  of 
nuclear  decays  per  second.ta 

1|>  *  e  (I  „  ,  •»)  (76) 

Table  40  and  Fig.  II3  give  data  for  an  approxlAnte  ealeulatloh  uilag  the 
method  described  for  a  aypothetleal  tbemal -neutron  reactor.  Tae  traaafer  of 
radioactive  Fe.  Cr.  Ta.  and  Co  was  eoeputsd.  l.e.,  tht  eleaents  whlOit  ssttle  oa 
the  surface  cf  steel,  since  tsa  radioactive  laotopea  eg.  db.  Sn.  and  2b 
evidently  reaeln  dleaolvtd  In  the  liquid  eedlua.  The  veluea  of  the  rate  of 
tranaport  obtained  la  experlaaate  with  e  liquid ^tal  loop  pleead  lialde  a 
reaeter  were  used  la  the  celeuletteaa.  The  neutroh  flux  use  aeamed  to  equal 
10^  aeutroaa/c^  saoi  tha  area  of  the  aurfaee  of  tho  reactor  ebaerhlBg  thte 
wee  eaeiiaed  to  ho  10^  oai?»  Oaly  •aane-tedletleu  «ea  emputedi  elaoo  tho  hate* 
raya  were  etopped  by  th.  tube  wullu* 
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TiBU  40 


r51 


55 


82 


17 


70 


ActiTity  Trarsport  In  »  aypothntlcal  Syati 


10 


10 


0.01 


200 


13  3.72 


O.OJ 


21.7  O.C558  I 


1066  0*0169  2 


0.WI 


K 


1!  • 

3  ’* 


*  § 


1 

0.181 

0.263 

2 

0.455 

0.662 

4 

C.S12 

1.18 

6 

C.94S 

i.37 

5 

0.952 

1.44 

au 

l.C 

1.45 

1 

C.C79 

O.C9S5 

2 

0.241 

0,290 

4 

o.>52 

0.663 

6 

9.H5 

0.922 

12 

0.?74 

1.17 

MS 

1.0 

1.2C 

1 

0.013 

0.606 

4 

0.132 

5.33 

6 

0.309 

12^ 

12 

0.136 

2i.i 

24 

0.939 

37.9 

40.0 


T^Iil  40  (coot'} 


AetlTity  Tmnspcrt  la  a  Ijypothat  leal  Syati 


\  < 

a 


Co' 


.40 


0.03 


274  0.47 


1 

0.00004 

0.015s 

6 

0.00204 

0.532 

12 

0.0079 

2.03 

24 

0.029 

7.48 

34 

0.059 

15.2 

4o 

0.142 

34.4 

TU«  rb^lotloB  loTtl  «au««4  by  •ottllng  of  aettvo  aubataicaa  ia  tbo  olroult 
oaa  bo  oalaulatad  for  tbo  ayata  Altb  a  flvta  •trraa^Mat  of  a%alp«cBttprovl4ad 
that  tbo  diatrtbuticB  of  octlolty  aloa^  tbo  iBBor  aurfooo  of  tbo  oiraiilt  la  wit* 
fom.  Colculationa  ahoaoo  tbut  oftor  ats  aoatha  of  eootlauoua  opoiotloo  of  0 
bypotbotloal  roaoto*.  tbo  part  of  tao  alroult  looatod  ootaMo  of  tbo  aoM 
offoetod  by  tbo  noutroa  flux  booowoa  ao  ooBtacalaotod  by  iodtooetl*tty  that  aaeoao 
of  poraoBMl  to  It  ouat  bo  Itattod  ta  40  boura  a  aook.  aftor  36  aootba  of  opon* 
ttoB(  tbo  tlao  of  oseoaa  ta  roduood  to  aooorot  boura*  Tboao  dota  waro  obtatBod  ob 
tbo  oaaiaaptioB  tbat  tbo  roto  of  ooouaulattoa  of  oattftty  to  tbo  ayatoa  ta  ooBotoat 
ottb  ttao*  StBao«tB  fBet»tbo  troBaport  rata  sradually  doerooaoa  wttb  tlBO*  tbo 
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true  danger  of  radiation  aisknesa  aaong  peraonnel  will  ba  leM 


(End  of  Chap  »r  I?) 
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DESiaK  JL*®  CPEJiATIOM  CT  UjUlD-MSm  SISTINS 
CiiAPTSR  T 

SYSTtN  ntSlQII 
(fnonmnoviNm  sistcn) 

^1.  Cvctral  ?rir.clPl»«  cf  JSaulgya*  layout 

IndlTldual  visits  of  •  liquid^astsl  olreult  should  sot  bo  loeotod  tee  eleee 
tc^othoft  sloe*  thoro  mat  b«  fr«o  seeoaa  to  say  pelet  of  the  ^reto«* 

Th«  layout  of  «iiulpa«Qt  te  s  ll«uld>attal  iBstsllattoe  should  preold#  for  pae> 
siblo  Bstursl  elrouVntloB  of  tbs  Mtol  1«  tbs  systsa*  for  SBuplt  durlec  sa  aasr* 
S«cey  shutd<.vB  of  tbo  elreulotlee  »«■?•  for  this  purposo»  tbo  seuroe  ef  bs*t  fer 
the  aystoa  should  bo  Itstsllod  IB  tbs  levior  port  of  the  olrtult*  sad  tbo  beatB 
roaovol  uclt  ot  tbo  too* 

of  Tutlao.  ill  tbs  tttMBC  U  tbo  BlrtUit  BbOuXd  bo  OlMod  bb  M 
BBglo  to  tbs  tortseo  la  order  to  aako  It  footer  t>  load  oad  flaob  tbo  ayotia  aa 
well  00  to  drolB  tbo  Ittutd  setol  frea  tbs  taotallottea*  vitb  tbo  taboo  omatid 
bariBoataUy*  os  tbs  vstea  to  loaod  ^  paobla«  tbo  astol  frc«  tbo  took  aodar  tbo 
pressure  of  o&  iBort  cos,  foo  pooketo  fesn*  It  tbto  hofpoBO*  It  la  aooooooty  to 
drola  tbo  coo  frea  eooh  pookot  ooparoteljr*  loodiae  tbo  sireatt  aador  tooomb  aobaa 
it  peooibls  to  avoid  the  oppooroaso  of  too  peokots,  bat  rocalreo  a  larfo  asHuat  of 
tlM  Md  Is  iBsoawoloat  vboa  aborcli«  oforatleaa  ora  ropoatad  fNtaoaUp.  Id 
herlBoatal  bablac  ooso  of  tbo  U«aM  aiv  roaota  attar  draliaco*  foMlsc  placo  of 
ae&ldlflod  aoul  or  its  aildoa.  duab  pls^o  aoka  Oaabuc  aad  furtkar  opaiatiad  of 
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tb«  circuit  aorc  difficult. 


Uaetrcaaeictlc  lliiuia^actal  punpc  ahould  alao  ba  at  aa  aaclc  to  tba  berlaeaa 
with  the  praaaura  cad  hli^wr  ttta)  tba  aactloa  aad*  Caa  bubblaa  gattlag  lata  tha 
flow  caa  baeoaa  trappad  la  tlia  puap  duet*  alaaa  laaaoua  aubataaaaa  aia  aot  affaatad 
hj  a  aagaatla  flald  aad  tbarafoaca  eaaaot  fea  aotad  bp  tba  puap*  Qaa  aatarlag  tba 
juap  Musaa  uaatabla  oparatlaa  aad  raducad  afflelaacp*  Tbla  uadcbirabla  affaat 
(a9iv>elMny  daa^oua  at  lew  aatal  flow  Tcloeltla**  whaa  tba  gta  bubblaa  oaaaot  ba 
Mrrlal  away  by  tba  flow  of  liquid)  •  la  aacludadaltetatbar  wbaa  tba  jusp  la  anaa* 
cad  aa  daaerlbad  abeva  (tbs  bubblaa  niah  upward  uadar  tba  |K*saura  of  tba  lifuli 
atd  uadar  tba  affaat  of  tbalr  ewa  buoyaaay)* 

Korcally  a  plpa  aapla  of  about  3*  la  adafuata  to  aaaura  aoaplata  drataaca  of 
tba  utal  froa  tba  elrcult*  Qblta  of  tba  iaatallatloa  bolac  daatpad  wbiab  ora 
dlffi  lult  to  drtla  euat  ba  ftttad  .Itb  apaclal  baatad  drolaaca  liaoo* 

Foaltloa  of  tba  broatbar  (aKBooeHal  tapb  U  a  alrtaitA  Ab  aapaaalaa  broatbev 
tank  la  aa  laberaat  part  of  oaf  lltuldwaatal  alraulto  alaao  tba  aoluaa  of  ■atai 
latraaaaa  qulta  a  bit  apoa  baatlac*  fbr  ariuiyda,  wbaa  tba  taagparataio  oaa  ralaat 
frw  40  to  430*0.  tba  aoliaaa  of  o  oodtaa^poloaolwa  ollof  (44B}  Uarooaot  If  MU 
It  lo  Boot  adwtaablo  to  loooto  too  oayoaolaB  toak  la  tba  atpar  part  af  lb* 
alrault.  wbaro  tba  plpallao  aupplylBC  laort  caa  to  tba  UoUllotlcB  aaa  alaa  bb 
ooaaootad.  Ibo  cao  babbloa  aatralBad  U  tba  UfuM  will  W  aaa#t  Is  tb*  laafea  bbi 
at  tba  mm  tlM.  a  tort  U  tba  caa  doeta  wUl  aol  m»m  laabaca  af  tba  aaltab 

Xt  lo  mvwadad  that  tba  Twpaatlta  taafe  bo  albaatod  ob  tba  aBrtlrt  olib  of 
tba  Ubtld-BBtal  mMa  !••••  wrtra  tba  ptaawa  Isaada  tba  alMrtt  U  rtaf  li  tB 
tbla  Bfaato  tba  laavt  aas  ba  BBlbiBlaad  bI  law  pwaiawta  lb  tbo  tarts  ••• 
rwaalt  af  wbtrt  Its  walla  mm  ba  aaia  ralaUwalr  tbla*  tatbadwraa  aart  towttob 
af  tba  aapBoalrt  tart  bahaa  It  paaatbla  ta  artbat  aaoltatloa  at  tba  irt»  Ibtabt  W 
lalolac  tba  ptaaaato  af  tba  laart  caa  la  tba  tart# 
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Position  of  dump  f  loadlmUacic.  The  dnlMga  of  liquid  aotal  trcm  m  ayotaa 
has  ite  OVD  peeuliarit*  ja*iepe>  on  tha  siraDeenent  of  aquliaoBl  «m4*  If  tho 
circuit  iur'vuee  a  loading  (dump)  tank  and  an  azpanalon  tank  (Ilg*  114)  ^  Mini 
can  be  drained  Into  the  dunp  task  under  the  affect  of  gravity  t  to  apaad  dratlnlng 
of  the  aystem  the  feed  of  Inert  gaa  in  the  azpanalon  tank  can  ba  Ineraaaad  nnde 
aimultaneoualy*  aoma  of  the  gas  in  the  dunp  tank  can  ba  raleaaad*  A  drain  valaa 
must  be  Installed  on  the  pipe  cccnectirg  the  circuit  with  the  loading  tanke 

In  the  event  the  dump  tank  is  ainultanaously  used  at  an  azpanalon  tank  (fige 
115)  •  there  la  no  drain  valza  in  the  systtA  end  drainage  la  carried  out  jMt  bg 
dropping  the  pressure  In  tha  dunp  tank  and  feeding  aenn  Inert  gaa  into  the  upper 
part  of  the  clrculte 


Mt<5» 


Tig*  lU*  Ciagrui  of  nuliooBt  lojrout  is  s  lt^i4<«Mtal 
•Urauit  (ooriost  X>« 

(1)  Boot  Mtts»tor  for  raaovUc  kooti 

(2)  osfasotos  UBk|  (3)  s^jor  pi>ts%  of  otro«S%t 

(4)  ooiot  for  oooolitlsc  iroMurt  is  Uo  ism  voi«*l 

(5)  pmgt  (4)  osf  (ii)  nloo  for  klovtsf  taort  iss 
thiMiift  tio  t99im  oi4  moasMasi 

(7)  lBort-#M  foo4  Itooi  (•)  Im  yslaft  of  olnsiti 
<7)  tool  ototosaor  ftr  MMlfXif 
<10)  ooU  Iron  (It)  irsto  tolo*i  (13)  volmHv 
riMtoac  Ito  tootoBl  (U)  (Itotlst)  loifeo 


<* 


« 


f . 


1 ' 


FlC*  115*  ClagrkB  of  otiulicoDt  Ityout  i>  •  ll^utd^tal 
elreutt  (vftrSw%  XX)» 

(1)  Koat  azctaBc*^  for  rtwvviac  haa«i 
(«}  and  (9)  aalva  for  ^lovlac  iaart  c»  thromh  tto 
ayataa  aad  avaauattaci  (3)  (XO)  tsart>iaa  fMA  ltM| 
(4)  vprar  peiat  of  alrcutti  (3)  piaipi  (i)  4Mt  ayahaapg 
for  sappXytac  (7)  Xm  potat  of  olraulti  (f)  a«X4 

trap)  (XX)  aaXao  for  rXuahlai (4a  apataai  a2)  tap 
(XoadUc)  taaka 
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Th«  Mcond  taiik  loeatloa  (?lg.  115)  i*  daalrabla  aiaeat  firat  of  all* 

i 

tha  abaanca  of  a  drain  Talva  ragulraa  eonata&t  ehaeklag  of  tha  gaa  jaraaaura  la  tha  | 

I 

axjpaaaloB  tank  la  Tlaw  of  tba  fact  tbat  tha  laral  of  tba  llguld  metal  la  tbo 
r^eult  Buai  eoaatant*  and*  aaocadl^*  tha  Una  faadlag  laart  gia  to  tbo  appar 
point  of  tha  elroult,  uauallp  of  a  anall  dlamatar  (5  to  10  Bat),la  oporatloa  oaa 
beecma  plugged  with  aolldlfiad  metal  or  Ita  oridee*  whleh  will  oauaa  dlfflettltlaa 
la  drainage* 

Tha  eoluae  of  tba  dump  taak  abould  ba  Itj**  2  tlaaa  the  wolnaa  xagulrad  for 
loudiag  tha  sutal  aystaa  (la  aolld  foxn}*  Thla  taak-oapaeltp  aargla  la  aoeaaaarp 
la  view  of  tha  foJlovlsg  eonaldaratlonai  (1)  tha  toIudo  of  aotal  oaa  laeraaM  daa 
to  heating  la  tha  tank  or  if  hot  aotal  oatara  tbo  tank  during  dralaagat  (2)  a 
need  to  refill  tha  liquid  aotal  oaa  arlaa  during  oparatloai  and  (3)  a  part  of  tba 
voluaa  of  tha  tank  ehould  ba  oeottpiod  by  laart  caa* 

Separata  lloaa  dralalag  ladlndual  portioaa  of  tba  alrault  abould  bo  ooBBoetod 
to  tba  duap  teak*  la  order  to  oaaura  tba  rallablllty  of  tbo  dralaagi  (]  idiag) 
llaoe  It  la  racooBandad  tbat  two  valvaa  ba  laatallod  oa  it  la  aarlaa*  It  la 
oohvoalaat  to  ouoaaet  a  food  llao  for  tba  llguld  uaad  for  fluablag  tba  alrault 
batwaaa  tba  valvaa,  aa  abova  la  ftg*  llj*  Xt  la  act  advlaabla  to  uaa  dralaaga 
llaa  aaotora  with  froMB'la  oatala  laataad  of  drain  valvaa*  bfoauaa  of  tba  aaad 
for  apaalal  aaaaa  of  aoollag  aad  baatlag  tba  llaa  aad  uadaalrabla  dalaya  arlalag 
during  loading  aad  dralaaga  of  tta  agratoa* 

Tba  dlaaatar  of  llaa  ragulrad  for  aufflalaatly  fiat  dralaaga  dapuda  ea  tha 
parlltular  paaullarltlaa  of  tba  ayataai  Ua  aapaalty*  afaliaaBt  layoat*  ata* 

Xt  baa  baaa  aatabllabad  by  agpariaaaa  lhat  uaiag  af  drala  llaaa  30  ai  la  dliaatar 
with  atrauit  llaaa  200  ai  to  dlaiaatar  aad  drau  pdyaa  15  m  to  diaaatar  with 
plyaltoaa  13  1*  dlaaatar  daaa  aat  aaiaa  any  dlfflaaltlaa  to  dralaaga*  On  af 

drato  ptpaa  10  to  U  ni  aad  laaa  to  dlaaatar  to  art  raaMaaOad  avaa  for  lm> 
oapaol^  llg«ld«ital  alraatta* 


or  their  vepora  gettloc  lato  olrcult  lastruaeBtetion  outleto  eea  cool  there*  sleg* 
giotf  the  outlets  with  solidified  aetal  end  oxides*  Besee*  it  is  advisable  ’ 

to  deeiga  the  outlets  so  that  the/  are  heated  h/  the  flidd  eireulatlag  la  the  aala 
eoaduit*  The  lateasltjr  of  aatural  cosTeetioa  of  a  liquid  cetal  ia  aa  outlet  will* 
eTldeatl/*  vary  itspeodlng  on  th*  location  of  the  outlet  with  respeet  to  the  aaia 
duet.  Zt  is  vary  desirable  to  aituate  the  outlet  above  the  maia  duet  where  heat 
tranafer  through  aatural  eoavaetloa  la  the  scat  lataaae.  Loeatlag  aa  outlet  below  ^ 
the  Bitia  conduit  la  iaadvisable  beeause  it  is  not  well  hsatede  and  the  astal  will 
remain  la  the  outlet  after  the  eireuit  la  draiaed* 

The  diameter  of  the  outlet  should  be  at  least  3  bo  &  m  ia  order  to  aweld 
clogglag* 

ArrrtBfy Tont  of  eold  traps  la  sodium  aad  eodlurpotaaslua  eireuita*  Oold 
traps  for  sodlus  aad  potassitas  oxides  are  laatalled  U  the  eoldest  seotors  of  bhs 
olrc'iU*  Bahlof  it  possible  to  achieve  sufficiently  lew  teapereture  of  tho  liquid 
astal  la  a  trap  tdth  olalna  heat  loss*  Cold  traps  ooastrueted  as  ceoled  aettUag 
taaks  (see  Chapter  TZZ)  are*  as  a  r  le*  ccaaeeted  to  a  borlsoatal  portlea  of  thu 
nala  duct  end  laatalled  below  it  (Figs*  114*115)*  Such  t  trap  abould  be  equipped 
with  a  drela  liae  and  valve  for  reoeval  of  aeotasulated  oxidea* 

Cold  traps  ooastrueted  as  ooolsd  filters  (see  Chapter  TZX)  are  iastaUsg 
parallel  to  the  aaia  duet  of  the  eirsait* 

■WiiTtwf  rf  ginirtunl  wgttrtoiif  MwM  HUtl  MwiiH 
The  phpsiasl  and  ahsaiosl  properties  of  liquid  ostals  differ  irtstlp  ttm  the 
properties  of  fluids  used  is  power  englsserlBg  (ustSTu  stu«i)»  as  a  result  sf 
whieh  ths  proper  sslootiou  of  astorisls  la  tho  deoi^  stsgs  ia  iapoosihlo  withsal 
thorough  study  of  thoso  propsrtloo*  far  stsfls*  tha  hi#  tbaiaal  seadastiaity 
of  liquid  aatals  lauds  to  pessihillty  that  sharp  lesal  taapsratura  variatisM 
asy  appaar  (thsiasl  ahsako)*  praatiag  sdditioasl  tha <801  strassss  ia  ths  astal  aalU 


Tharefora*  eritleal  parta  of  aqalpoaot  ahould  ba  daaigsad  sot  oaly  ter  toMllo 
atreagtti  aad  eraap  atrancth  but  for  raalataaea  to  thazaal  *o«k  me  vail*  Ite 
apaeifio  problaa  of  eorroaioa  of  aarloua  atruetural  aatariala  ia  llqiild  aatal 
(aaa  Chapter  IT)  oaa  alao  aarro  aa  aa  owploe 

Ouriad  tha  traaafar  of  haat  tbroudh  tha  valla  of  plpaa*  eollaetorae  ata»-  ia 
liquldmatal  brat  ezchazi£ars»  a  eoaalderabla  part  of  tha  total  taaparatura  drop  is 
fwMd  by  tha  teaperatura  drop  ia  tha  valla  alaca*  aa  a  roault  of  a  hi^  haat* 
traasBlaaloa  ooefflelaat^tha  tasparaturo  drop  oa  tha  liquid"vall  bouadary  la  aaell* 
glbla.  It  tha  aoM  tlaa«  tha  thanal  atraaaa*  arlaiac  is  tha  aatal  of  tha  vail 
ara  proportional  to  tha  taaparatura  dtffaraaea  aeroaa  It*  Tharafora^  is  daaigsiac 
llquid<cstal  heat  azohaagera*  sktentios  ahould  ba  paid  to  tha  possibility 

of  tha  appsaraaoa  of  tharaal  atraaasa* 

Tharsal  straases  should  ba  oaloulstad  for  both  staady*ttata  oparatios  of  tha 

Inatallatioa  aa  vail  aa  for  Bos*>atcady>atata  ecsdltlo&at  vhora  tha  straaaas  ass 

ba  cartnou  Tha  rasolta  of  oalaulatioas  for  dttanislad  tha  straaaas  is  tha  hess* 

lag  of  a  BoltaB«aodiuB»seolad  raaetor  ara  ksovs*  fhr  a  sharp  rlsa  is  sodiiBi 

taaparatura  fr«a  370  to  ••  ass  hsppaa  usdar  sharp  Istraasas  la  tha  pawar 

of  tha  isatallatioBt  tha  tharsal  atraaaaa  is  a  shrcaaaoioksl»ataiBlaaaeataal 

.  t 

houaisc  aaa  raaah  2o700  hg/vi  a 

Moat  of  natalafotigaa  taata*  ralatisg  da^aa  of  dafonatioa  of  a  apaaiaas 
aad  tha  nuaibar  of  loadlag  ayalaa  to  rsptsra  hava  baas  aarriad  ost  ia  tha  sIra 
Tha  folloviag  ia  laova  about  tha  fattgaa  atroHth  of  ataala  is  Itfatd  satslsa 
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Tig»  116*  ConparitOB  of  tho  eroop  roststue*  of  tppo 

347  ototaloao  atool  la  aoltaa  aedloa  aad  la  air* 
Taata  ia  aodiuai  •  »  340^0|  X  -  5V>% 

0  —  ^0*C|  □  — 705*C,  - data  oa  taata 


ia  air  at 


taaparaturaa* 


Baadiac  taata  aeaduetad  oa  apaaiMaa  of  tppa  347  atalalaaa  auataaitia  ataal 
plaead  ia  aoltaa  aodiw  at  a  teaparatura  of  7?5*0»  aBovad  that  tha  fatlcaa  atraagib 
of  tha  aatarial  deaa  aot  drop  whaa  air  la  raplaaad  hgr  li%iild  aatal*  Taata  of  tha 
•aaa  ataal  to  ruptura  aadar  proloegad  loodiag  ia  air  aad  aodiaa  log  ta  aiallar 
roaalta  (llfa  ll4)a 

Tha  affaat  of  aharp  taaparaturo  variakioaa  oa  tha  aarriaaahilitp  of  ataol 
waa  at-«diad  vaiag  aa  aapariaaatal  airaait  aoaaiatiat  of  a  pipallao  ta  tha  taatio 
of  whiah  tppa  347  ataialaaa^taal  apaaiaaaa  vara  valdad  (ftg*  117)#  4  tahalar 
apaalaaa  200  aa  U  dlaaatar  aad  900  aa  la^  wa  poahaatad  to  tha  daairad  ta^arataa 


Thaiaal  ahoA  waa  appUad  to  tha  opaataao  hp 


a  raUttfolp  oald 


potaaaiaa  all**?  throa#  it* 

Tha  aaitfiT  taaparatara  of  tha  apaalaaa  aanaatad  to  4^^  ood  tha 
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rat<t  of  cooling  to  130^C/s«o*  wltb  an  overasll  taaparatiu'a  drop  of  ZtO^Om 
Natallographle  analpala  ahowod  taat  tho  thanal  atxosaea  arlalag  under  thoao 
eoodltlona  eauaad  interoryatalllM  eraeka  to  appear  la  the  natal*  raaaaiblins 
fatigue  oraaka*  Tha  eraeka  appear  at  polata  of  atrara  eoaeaatrattoa  and  propaipato 
along  inolusloaa  in  tha  aatal*  Tha  rasulta  of  thazaal  fatigue  teata  of  ataal 
show  that  failure  of  tha  apaeiaana  ma  eauaad  by  tha  following  faetorai 

(1)  Difecta  In  butt  waldai 

(2)  poor-tuality  aaehining  of  tha  Mtal  aurfaeai 

(3)  internal  dafaota  in  tha  pipe  valla* 


rtg*  117e  otai^  of  aaparlMatal  Ufuld^atal  almiit 

daalgwd  f  taal  pipe  aadar  ihawal  ahoake 

(1)  kpaalnaat  allcr  ivahaatiag  taaki  (3)  taip  %a*| 
(4)  «»»Mr  taaki  (3)  haatari  (O  paave 
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Za  th«  first  CAM  two  Isagtha  sf  plpt  war*  butUwvldad  with  «  rlag  llnlnfi 
tha  rlag  was  aot  fitted  tight  saou^  to  th*  pip*  surfae**  so  that  duriag  wsldiag 
sene  of  th«  mstsl  flowed  into  th*  w*dg*»lilc*  gap  foriMd*  Whoi  th*  w*ld  ***■ 
shraak  •  fissur*  fonasd  la  this  spot*  which  is  whj  a  fatlgo*  craek  fon*d« 

Zb  th*  s«eoad  eas««  th*  pip*  wall  was  iar«par*d  for  waldiag  with  a  dull  tool* 
oauslag  fsilurca  Th*  cold  hardoaiag  of  th*  surf***  aatarlal  oeeuriag  whsa  th* 
surfae*  w^a  trastad  ecatrlbuted  to  th*  daeress*  ia  fatigu*  str*agth* 

Th*  third  eas*  p«rtalas  to  th*  eraekiag  of  •  pip*  wh*r*  it  *zt*Bd*d  late  th* 
opurlag  of  th*  pip*  sh«*tt  th*  crack  wa*  caused  by  a  dafact  ia  th*  aatarlal  of 
th*  plp*« 

Za  ealculatiag  atrueturas  for  er**p  atraagth*  it  Bust  b*  bora*  ia  adsd  that 
th*  haimful  lafluaac*  of  th*  iatarasl  straas  eoacaatratloas  ea  th*  orasp  rosi** 
taac*  of  a  lutal  iacraasw*  with  risiag  taaparatur**  Th*  latanal  atraa*  •eioMl* 
tratloa  also  raduc*  th*  cerrosicB  rssistaBc*  of  tho  Mt*l«  which  1b  turn  toatB 
to  dacraas*  its  atraagth*  fbr  aiaapla*  a  oas*  it  kaewB  whar*  huwrou*  ototk* 
appaar*d  U  th*  spot  whar*  steal  pipe*  war*  w*ld*d  ihto  tho  pip*  shoots  of  o 
*odiuB<to«w*t*r  hast  axchaagari  tho  •rack*  first  app*ar*d  os  th*  Mtar  side  %*  s 
raault  of  corroalos*  Th*  water  prehaatar  Bad*  of  t/po  heatHraslstoBO*  stool 
failed  after  tv*  sharp  rlsos  is  th*  taapsrotur*  of  th*  oodlua  to  havlif 

fUhotioaid  for  oolp  48  hours*  It  tursod  out  that  th*  wotwr  oatorlag  th*  prohoatsr 
had  high  soBtoat  of  ohlorldos*  <*tsb  roast  with  oastosltSs  stool* 

U  shovB  It  th*  rasiats  of  *•  oodurtiso  tost  of  s  audol  of  *  ssdiishsstod 
h*at*thb*  water ««Taporiaar  (Pig*  172)aMtsl  fotlar*  (opfssroBso  of  srasks)  is 
dotostod  ia  th*  spat  whar*  the  taboo  w*r*  w*ld*d  into  th*  ssssiv*  pips  shsota  i***a 
U  th*  rofios  of  th*  9*ot*st  hosillsg  ■■**%*  A  stsdlsr  sodol  with  li#t*r  pips 
shoot*  did  sot  fail  WBdsr  idostiosl  tost  sshlittsM* 


Experience  In  the  operation  of  aodluD  elreuitn  shove  that  veldc  possess  the  saBS 
corrosion  resietaneo  as  the  base  metal  (usualljr  stainless  steal  of  auatenitie  or 
ferritie  type).  Slag  cannot  be  penaitted  to  form  in  the  veld,  since  the  slag  vlll 
be  vashed  avay  by  the  liquid  omtel* 

Vhen  using  soldered  joints, it  should  be  born*  is  mind  that  eertala  solders 
(silTsr,  for  example)  do  not  hsTe  adei}uate  eorrosioa  resistenee  la  liquid  sodlOB* 
in  alloy  containing  60S  sancanese  and  4^  nickel, ae  eell  as  the  ehrciM»alekel> 
silicon  alloys,  can  be  rseemaended  for  use  es  solders. 

On  the  basis  of  laboratory  investigations  (see  Chapter  IT), one  could  conclude 
that  lliiuld«cetal  eireuita  should  net  be  made  of  dissimilar  materials ^elaee 
transfer  of  certain  chemical  elemants  fren  one  material  to  another  vaa  observed* 
Hovever,  no  transfer  can  be  observed  under  operating  conditions*  fbr  examplSc 
seotiona  of  a  sodium  circuit  vhlch  had  funoticaad  la  the  Xaells  Itcade  VoMer 
laboratory  (QSi)  for  several  yvara  vere  made  of  aevaral  dlffaroat  aatarlals 
(austenitic  atalnlasa  stecla  nlehelc  Xaeonel,  and  ferrltle  ateel),aad  no  inter* 
settoa  betvesa  them  vaa  detected* 

When  there  is  close  ccntect  betvwcn  eny  tvo  astellle  surfecee  Is  liquid 
sodium  (for  exemple,  the  aele  end  e  female  threaded  eurfeees*  or  e  velve  esd  Its 
eeetX  tvo  undeelreble  phenomena  ere  observed*  The  firat  la  surface  ebreelea*  eai 
the  seeeadc  self eve Idlag*  dbreelea  eia  be  evelded  by  the  proper  eeleotloa  of  tha 
structure  of  parts  Jotaed,  for  onemple*  hy  the  use  of  taporod  throoda  laataad  of 
oesvoBtleaol  thread  vhea  aeeeaeary*  IhrthenMVOe  epeeial  treetaaat  of  tha  aurfhea 
(altrldlag  or  ohroma  platlag)  aoa  ho  uaod*  Wtrldlag  at  a  depth  of  fsrom  OaOd5  da 
0*075  am  offaotlvoly  provoata  ohraaloo*  ihe  use  of  luhrlcenta  aaoh  as  alaoraldUa 
or  dlaulftdas  of  melybdoaum  aad  i^phlta  to  roduea  ahroaloa  la  aat  roocawadai 
aiaoo  thasa  auhatamoea  ooaaot  odhora  to  the  frlottoa  aurfheasc  oaf  fartharmnio 
they  roaot  with  tha  moltoa  aodifi 


The  self-vslding  of  parts  occurrlsg  ss  a  result  of  prolcnged  eoctaet  uodar 
pressure  end  at  high  teciperaturea  is  best  avoided  by  usicg  dleslniler  naterlals  for 
the  contacting  surfaces*  Specisl  surface  treatment  (  aitrldlng*  for  example)  also 
counteract  a  aalf«veldific 

guallty  control  of  structural  materiele*  A  blgb  standard  of  quality  is 
required  of  materials  used  to  manufacture  equipment  for  liquidametsl  circuits* 

'Tne  Raxerlsl  of  pipe  valla*  ecllectcra*  tenlcs*  ate**  must  be  free  of  blov  boles* 
cavities*  and  nonnstallie  (slag)  inclusions*  since  the  alightest  acepace  of  air 
into  the  systea  or  leakage  of  the  liquid  metal  (radioaetlvoe  in  many  eesea)  Is 
pe^-miaaibls* 

Oltrasonle  defbetoeeepy*  which  ia  not  alveys  absolutely  reliable*  ia  irequaBtlj 
used  to  detect  blow  boles  and  cavities  inside  the  metal*  linall  eevitlea  la  tbo 
materiel  can  be  detected  by  color  defectoscopy*  This  method  la  alee  useful  la 
detecting  nonmotclllc  slag  iselusloas* 

Such  iuelusiofta  ere  extraoely  dugerotts.slBce  they  reiuifi  uadeteeted  durlmg 
seepage  teste  of  tbs  tssenbled  ltquld*setel  elxeuUs  e»e&  vUb  s  hs)l«  Isek 
dstestor  with  ea  extremely  secsltive  Bsss»spsctrcattsr  la  used*  psxmittiag  tba 
dstectloB  of  tbs  slightest  eeepsge  of  heli«a  fres  the  circuit*  Ia  ■crvlei^tha 
■leg  lad  ueloas  atari  to  luterect  uith  the  aoltea  metele  peduelly  belag  vaahadl 
out  by  It  I  tble  cea  eeuse  a  deagaroua  laake 

lapse lelly  atrlct  etaadarde  ahould  be  applied  to  materiel  fsr  the  tubea  of 
beet  exabamgerae 

33e  PTtIa  tLlWit 

CaleulattoB  of  thar^)  Ityflffit  Aa  aparetlmc  aeadltlema  for  piflag  la 
llqttld*«atal  alraulta  dlffar  (rea  tbaaa  far  eaaeaatleBal  plplag  la  that  tba 
aparetlag  teaparaturaa  ara  bigber  aad  tba  paaalblllty  of  tbaraal  faticuo  of  tba 
aaterial  of  tba  ualla  to  tfraatave 


n>a  stress  esused  bjr  themsl  expansion  la  the  wall  ot  piping  operatla(  at  a 


high  tocperature  should  not  exceed  the  following  walnaat 

3,  ;  0.253|), 

(77) 


In  which  CT'  la  the  pcxulssibla  tensile  strsaa  for  a  glTan  aaterial  at  roca 
tsoperatcrat 

'  *  the  aeice  at  the  operating  teeperaturai 
V  <'Hfety  factor  allowing  for  a  deeraaaa  In  tha  atrength  of  the 
aaterial  under  the  effect  of  eftlla  Tarlatlons  In  t«paratvree 
Is  Sq*  (77)  ahovf^  the  walue  <7^  la  detcroined  ehiefly  bp  the  patalsslhlo 
atreaa  for  a  cold  eetalt  deviating  frcn  It  hp  at  Boat  t6»?S»  This  la  explelne4 
hp  the  fact  thct  with  rising  teopersture  the  sednlus  of  elastieltp  of  the  aatarlsle 
and  thus  tha  slastleltp  of  the  pipe  wall*  rls  is  de.^plte  a  deereaae  in  strasgthe 
Porsuls  (77)  gives  the  Binlasl  wains  of  the  effeetiwe  str«i«e  lAish  mst  bo 
Inereaaed  If  other  additional  Xosds  aet  m  the  wall  tf  the  pips  (Intarasl  pressnroe 
crswitp)*  In  this  ease  the  walne  of  the  additional  atreas  shonld  ha  oAdsd  to  tho 
second  tero  in  the  parantheals  of  Eg#  (7?}e  do  s  mis  this  will  not  asseaO 
5’-(  •  istnallpe  tho  straaaes  due  to  intweal  preaonro  ore  nsusllp  ne^lgthlf 
ooaUedna  to  tho  low  prassura  In  llgnid'vstal  slronlts  and  ralattwolp  ^asl  thlrt* 
ness  of  tha  pipe  wallse  At  tho  soM  ttooe  tho  pipi^  snpports  aro  taslgpod  to 
onah  a  wop  that  tha  strassas  to  tho  ootal  aansad  hp  tho  stmstwo'o  cwo  wolght 
Monat  to  ee?5  .i^e  Booaoe  tha  total  wolos  of  tha  aoa<,ad  tom  to  tho  paraaithoala 
of  B|e  (77)  to  ognal  to  shoot  Ihto  wolio  00000  op  a  slcOftaaol 

propertloo  of  tho  total  atroaa  tho  lovHod  oadii— twpiretaro  nagug  hoi 

at  taoparotorao  ehovo  100^0  tt  to  taaooeatoaattal  ataao  at  |>I00*C  tho  atraoa 
6  r  dropo 


C- 


\w 


J 


Th«  lalu*  of  the  eoeffietABt  K  In  t).  (77)  It  aaleetei  In  Mtnrdane*  wltti 
tha  nuBbar  of  thazsal  ejrelaa  in  tba  oparation  of  tha  InatallaitiOBt  dapandloc 
on  tha  oparating  eoadltiona«  If  tha  inaiallotion  i^  aubjaetad  to  tha  affaet  of 
lasa  than  7*004  eyelaa*  than  In  a  najorltp  of  ouaa  it  tuna  out  that  tha  eo> 
officiant  S  can  ha  aaavaad  to  aqual  unltn  if  tha  nuubar  of  oyelaa  ozeaada  7*0Q0,X 
daeraaaaa*  ranching  0«j  when  tha  nuabar  of  eyelet  a^uala  ^0*000  and  Mra» 

It  ahould  ba  noted  that  piping  la  sora  durabla  with  reapaet  to  thaxBal  ahook 
than  are  other  aleaenta  of  liquld>cetal  Inatellatlona,  Tixat  of  all,thap  haiaa 
greater  alaatieity  and  can  aithatand  eonaidarabla  plaatio  dafoaonation  without 
breaking.  Soeondlyi  tha  pipalinaa  are  thoroughlf  haaWinaulatad  on  the  outatdo^ 
aa  a  raault  of  ahieh  their  tesparatum  ia  eloao  to  that  of  tha  liquid  uatal  aal 
tha  teaparatura  dropa  aoroon  tha  pipe  walla  are  low.  Slnea  tha  internal  hoot 
atraaaaa  in  tha  wall  are  proportional  to  tha  given  taaparatum  drop  thap  nagf 
alao  ba  low.  Tbaaa  Idaaa  ara  oonfimad  by  axparlnant.  Euring  nKarena  thoxanl 
ahoek  taata  (tha  noebar  of  eyolaa  raaehad  navaral  thouaanda)  of  a  pipalina  with 
noltan  aodlna  flowing  through  it*  no  troeaa  of  wall  failuro  war*  diaaaanrod* 
daapita  the  feet  that  tha  rota  of  tha  ttaparatuia  variotiou  raaehad  300  dag/naa* 

In  dealing  pipalinaa  it  la  not  naeaatory  to  naka  ealmlatiena  for  araav* 
ainea  a  alight  dafamatiou  dun  to  araap  la  n>t  dangarceia*  Thrlhameia*  ana^ 
dafeonatiaB  raliavaa  tha  intomal  atraaaaa  ia  tha  Mtal  nrialag  at  hS^  tan^ 
amtiraa.  C*nap  ia  daagarana  only  whan  tha  region  of  dafooution  ia  aad  onlfoan* 
ly  diatrlbtttad  along  tha  length  of  thr  yiya*bnt  oaauia  ia  only  a  Italtad  aaatlaa 
of  ptya*  loaal  dafaoMtlan  aan  iaamaaa  gradually  and  lead  to  failiira* 

h  aaaaa  of  aohbating  tha  nt»aa>aaaa  of  thamil  atraaaaa  in  a  ytyallaa  la 
piaatratahinge  wham  tha  lang^  piffiag  ia  nada  aonowhat  ahortar  than  nquiaad  aii 
than  artifiaially  atratahad  ia  tha  told  ataU  during  aaaoaMy*  lha  latanal 
atraaaaa  ia  tha  aatal  aouaad  in  thia  raahiaa  daamaaa  with  riaiag  laagamturai 
tharafara*  it  ia  an  aarviaaahla  at  ht^  tanparaluma  a*  at  law. 


«!•  qu««tIott  of  eanpona.tin*  for  thonol  ezpaosioB  ahould  b*  gim  eanfid 
•ttontloo  wh«B  do«lgnlB«  plpolln..,  cIbm  th*  opor^tlsg  toapomtuTM  ud  tlw  eo- 
effielonts  of  thoraial  •xp.Bsloii  of  tb«  plpiB«  material  az«  graat  im  tela  eaaa. 
ietually,  typas  304,  3U,  321^  347,  bbA  3IO  auatealtle  atelalaaa  ateala  )wva  • 
ecofflclaat  of  iib,„  axpanaloa  about  40tC  gr««ter  thaa  teat  of  tea  eaiboe  ateala 
(«g.  116J,  poaaetalbg,  at  tea  raaia  tina.  fairly  low  tbamal  eoaduetlalty  (f**,  U». 

Satlafactory  cor,i.aMation  for  teaiaal  txpaaaloo  caa  ba  aeblarad  In  tea  alrmlt 
by  IneludlDg  baat«tuba  aaetlona,  poaaaaalBg  tea  raqulrad  alaatioity.  b  oataf 
cvirzueatad  pipaa  or  ballowo,  tbay  aboold  to  arraagtd  atrletly  worttaally,  ta  oriar 
to  a'«aura  rallabla  dralaago  of  tea  liquid  motal.  Rowavart  tea  tutellatloa  of 
eaapabaatioc  davleaa  abould  ba  aroidod  If  poaalbla,  aiaea  teay  ladota  tea  atmstt 
•ad  tea  rallablllty  of  tea  atruotuxa. 

la  aatambliug  loatallattou.  It  abould  ba  bona  la  alad  teat  tea  nUUn 
dlaplaea^oat  of  llqutd<«atal  piplag  wbaa  tea  ayatam  la  baaUd  oaa  ba  fnatar 

tea  dlaplacMaat  of  ateadard  plpiag  duo  to  tea  •tauter  vorklaf  taaparataTa  of  tea 
liquid* 


A 


j 


ng.  lie. 


Umw  MpualoB  of  ••rtela  alMlgs 

(A)  Auatoattt*  atMlai  (!)  f*nlU«  •Wit. 

J  t  worklBt  •"A  t9m  tiaparatw^ 
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W|«  119,  Thom*!  eoaductlTltjr  of  eortoU  otoola* 

(1)  Corboot  0*2SC  C)  (8)  14  Crt  N»l 
(3)  ZS  Cri  0^<  KOI  (O  5*  Cri  0^  Noi 
(5)  2.5*  Cri  ft.5<  Koi  (4)  3*  Cri  0^  Moi  1.25* 
(7)  5*  Cri  0.5X  Koi  1^  81|  (d)  m  er» 

(9)  19*  Cri  m  Nti  (10)  ?5S  Gri  20*  M. 
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Plpglla*  luBctlcna.  eeamlsss  pipes  should  b«  used  for  piping  la 

llfuidxeietal  eireulta, 

Wher«e»er  poeelblo.tbo  pipelines  should  he  Joined  by  bx'tt  veldlne.  Butt 
veldicg  has  the  follovlng  advantagest  (1)  The  quality  of  veld  aeana  cea  ba 
eoslly  inspected  by  x-ray  defectoecopyi  (r)  tho  flexibility  of  the  plpallB#  dcaa 
not  deereesa  BMiceably.  It  la  recoaaended  that  pipelines  be  butt-welded, «ployli^ 
giskats.  "Aare  nosslble  the  gasket  rlogs  axe  reBored  oeehemleelly  after  veldlagt 
in  order  to  icehe  It  easier  to  drain  the  liquid  metal  from  the  piping,  A  high- 
quality  weld  is  produced  when  sx>eclal  gtuihet  rings  are  used  which  melt  during 
welding  {Tig,  120),  dead  results  In  pipelines  ere  obtained  by  welding  with 
tvB^ten  electrodes  In  en  nrgon-proteetlee  etaoephere* 


flge  )90,  Qia  of  apaeial  tMtet  vta^  to  butt  wetotog  «r 
»ip«ltoaa* 


¥BU55k 


It' 


If  the  diameter  of  the  Joined  plpea  la  25  am  or  lesa  ^it  la  reconaiendad  that 
unlona  be  used.  use  of  geekata  In  thla  eeae  la  lnedTiaeble,8lnre  the  erean 
aeetloD  for  the  pesaage  of  liquid  la  aherply  redueed* 

In  design.  1^  la  neeeaaary  to  avoid  velded  Jolnta  with  aharp  tranaltlooa 
frcD  one  thleknesa  to  anothcri  for  example,  in  butt*veldlng  two  plpea.  the  thleb* 
tinea  of  the  viill  of  one  of  tta  ^ilpee  rhctild  be  changed  amoothly  along  Ita  length. 
80  thst  at  the  veld  the  valla  of  both  heve  Identical  thlekneaaes  j  l.e..  It 

is  necessary  to  take  aeasures  to  prevent  Internal  stress  concentrations  in  tha 
metal  (sea  Figs.  I2l  end  122). 

Velds  serving  to  hold  elenenta  of  the  circuit  to  hesos.  atends.  ete*« 
should  he  welded  along  tha  entire  length  so  aa  to  saeura  good  thernud  contaot 
batwaen  tha  flzturaa  and  tha  wsldad  part  and  in  this  aannar  to  p'svant  tho 
appaaranca  of  thamal  atraasaa. 

Tha  following  welding  standards  art  eeapulaory  la  tho  IhoUa  Atenle  l^owor 
Uboratory  (QSl}t 

1.  If  tba  seen  functions  uadsr  load.lt  should  ba  flllsd  with  vald  aatnl 
elong  tha  aatlrs  thlckaaaa  of  tho  wall* 

2.  Conar«wald  Joints  of  porta  are  undaslrnbla  and  uo  allowabla  only  whan 
tha  tblokaaasas  of  the  parts  la  tha  vald  region  art  Ideatlaal* 


nBU55k 


Reccmmsttded  strueturea  of  butt>valdod  plpallna  Joints* 


fie*  128«  laeoBBtndnd  •tiuetui*  of  vnlA  for  hlifc»tfj>mtw 

••rrios* 

(1)  Ortllnd  aftor  wtldlnct  (3)  eonor 

(3)  Blpfl*. 
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Tlie  pcsnibility  ot  oracle*  appoarlB^  *hm  void*  doerMSM  whon  •iMixoto* 


oiade  ct  a  oateriol  with  high  ferrlto  content  are  uaed»  BovoTert  when  tha  aoM 
la  aubjectad  to  a  high  temperatur*  (abor*  550^C}tn  eonalderabla  farrite  content 
in  th*  weld  metal  la  unaoeeptablot alne*  It  pronotea  Ineraaaed  brlttleneaa  of 
the  material  aa  a  reault  of  th*  preaenea  of  th*  algea^phaao  la  it* 

Tilings  coupling*  In  aharply  changing  tenperatur*  eondltiona  arc  not  noted 
for  high  reliability  and  their  ua*  in  llquldioetal  circuita  should  be  roetrioted 
ts  ioatancea  where  other  typea  of  Joint*  eannot  be  used*  for  example*  when  Jolalac 
part*  mad*  of  diaaimilar  matoriale  or  whan  there  la  a  naed  for  frequent  repleoe* 
aent  of  part*  of  th*  elreult* 

Zn  deaignlng  flat^e  coaplinga*  a  material  for  the  bolt*  ahould  be  used  with 
a  enaller  eoeffleiant  of  thermal  ezpanaion  than  th*  material  of  the  flange  iteelf* 
Th*  aeleotion  of  material  for  gaaketa  1*  determined  by  th*  operating  eondlB 
tione  of  th*  flange  oeupling*  Copper  and  alualnum  gaakata  ean  ho  uaed  in  nodiun 
•t  temperature*  below  SCO  C«  end  eteinleen  eteel  or  nickel  geekete  et  tanpernturo* 
above  SOO^C*  Th*  ■bell  in  cone*  gaeketleet  type  of  flange  eoupling  ie  one  of  th* 
BOft  relleble*  elthough  th*  inteerity  of  ita  neel  can  be  affected  when  It  1* 
frequently  ataemblcd  and  diaaanaa&bled*  Thraaded  eoupling  of  pipeline*  for  liquid 

matel  inatellativne  can  b*  reeoamended  only  for  hritf  aarTle*  et  low  tMporeturo* 

o  ^ 

(below  23Q  C)*  Threeoed  plpo  ooupling*  for  aodium  and  eodita^taeeiMi  art 

aaaemhlad  with  apeeiel  luhrieetiani  the  meat  eettefietery  reault*  are  ahew*  by  * 
luhrteant  eenaiatiag  ef  a  mixtura  of  load  exida  (IhO)  and'  glyesria*  It  ahoali 
ha  horaa  la  mind  that  tha  luhriaaat  aaa  ha  a  aouraa  of  Impuritio*  far  tho  aireulat* 
lag  aotal* 


a  anah  aeapllage  era  aot  rianamaadid  for  ptpaa  with  dlametara  largir  thaa 

wa^ssh 


V 


Couplicf  union*  with  tborcughljr  tight  aurfacea  ara  auitablo  tor  acupliag 
earbon«eteol  and  Btalaleaa>«tMl  piping.  They  ara  about  a*  raliablt  aa  flanga 


ecupllnga.  Cnlona  for  plpallnea  vltb  dlasatera  below  25  BB>t  tbiough  which  a 

e 

eodiuu-poteaalun  alloy  waa  ptnpad  at  tceparaturea  up  to  530  C«  war*  aubJaotaA  to 

operational  teat*  and  abowed  aatlefaet:ry  aeralceabilitya 

Copper  piping  with  bronze  flttlnja  can  be  uaed  in  working  with  a  aoAlw* 

o 

poteseluB  alloy  at  taaperaturea  b*l(..>  12(>  C.  Howavara  aharp  toporature  warlatioac 
In  the  liquid  natal  (thaiaal  ahoeka)  abould  be  eonaidared.  The  fact  of  tho  aattar 
la  that  hronzo  baecnea  highly  atreln^hardaned  during  aaanbly  of  pipoXina  coup* 
llnga.  for  tula  reesca.  atreaaoa  duo  to  atraln  hardening  ara  addad  to  tho  la> 
ternal  atreesea  In  the  well  of  the  unlco  due  to  thennal  fluetuatlona,  aad  tha 
union  can  oraek. 

Stalnleae>ataal  flttlat^a  r«aia  aervlcaabla  at  alevated  teaparaturaa  (up  do 

Z5«*0)a 

3k  Then:al_laia{h  tHo 

Tha  folluwleg  ere  tha  aptellla  quality  raqulraatata  for  thenaaX  iaaaXatloh 
of  Uquld<«atal  airo^.itoi  tho  Inaulatlng  aatarlal  ahoald  not  raaot  oh«UtoU|r 
with  tha  liquid  B«t’.l|  aa  for  ao  peaalbla*  tho  taaulatloa  ahould  ho  ha^oipahio 
to  tha  liquid  MWlf  tha  aoahaaieal  ani  thanMl  proportiao  of  tha  taaulatlM 
ahould  aet  ahaagt  whaa  imdtatat* 

Ut  uc  liat  tha  aoi*  widalyMitai  thanal  aatarialoi 
la  rira^^aalatanl  high^aaaltp  ■iaaral  fthar# 

8a  Caopraaaad  ainaral  wool  or  glaao  flhwe 

3a  Uooo  atoarol  wool  or  gloaa  flhor  (doaoity  aot  lyootar  than  100  hiA<^)a 
4a  dahaatoof  with  low  aaataat  af  wqtdr  of  aryatolUMtloh  U  tho  IMa  of 
thr*  *d  or  pohaO  («Mlto)e 
5a  .i^oolal  aoltoh  aartjala 
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6*  KagD«ala 
7*  Moltoa  diatoDlte* 

8*  Molten  ealotua  allleataa* 

Stalaltea  ataal  ohlpa* 

10»  Slac  load* 

11,  Metallic  foil  with  a  filler  ot  anj  of  the  ahora  natarlals* 

Information  on  eortaln  prosartiea  of  tha  tlianal>lnaulatlen  aetarlala  aro 
glTen  la  Tabia  41* 


TABU  41 

^p«rtiM  «f  Theiakl»lBaulatlo»  “•ttrlala 

fMja  rtqulrtd  W  eoaprcM 


Tb»]’n*l« 

Incuiatlca 

oavarlaXa 
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Mroc«l 
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94 

90 
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90 
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30 

004 
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oo 
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3« 
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00 
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0.T? 
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Hooksll,  •  long-flbar  vhlt«  alMral  vool  Il3€  •  la  uaH  to  Inaulato  tha 

Na>jC  plplp^  aod  heat  axcbaAgara  used  la  tha  faat*neutroa  reactor  (uadar  eoBatruo* 

tlon  at  Bouareay)  (Britain).  This  aatarlal  la  aztranaly  porous  and  contains  up  to 

95^  air  hy  volume,  and  at  tha  sana  time  baa  good  haat-reaistant  propartlas  and  io 

o 

suitably  chemically  Inert  up  to  T50  n. 

Interaction  of  theraal  Insulation  materials  with  aUcallne  metals.  Sodlvot  and 
Nu«K  alloy  react  quite  strongly  with  minerals  containing  ehemlcally«hound  water* 
This,  nowavar.  does  not  preclude  the  use  cT  such  materials  for  Insulating  (nelX 
experimental  installations* 

Backed  mineral  wool,  special  aerogel*  molten  dlatcmlte.  and  molten  neslto 
proved  to  have  satisfactory  ehanical  stability  with  respect  to  scdlua  under  iaduo« 
trial  service  conditions.  These  materials  were  not  ocapletely  impregnable  to  the 
liquid  metal, even  though  their  density  was  much  higher  than  the  denetty  of  ■tnaral 
wool,  glass  wool,  or  atalnleaa  ateel  chips* 

Tetarsture  eandltlons  of  ineulatlon  service.  In  selecting  the  typo  of  thcr* 
ul  Insulation,  considerction  must  bo  given  to.  specifically,  the  tnperaturo 
conditions  unlsr  which  it  will  function*  Table  4^  showa  the  ■«*«—<-  operating 
tcBporuturet  for  various  typso  of  inaulaticn*  Preheating  tba  circuit  by  alaotrlo 
boatarn  io  cauaod  hy  Vocal  ovarhcatlag  of  tho  thaimal  insulotloo  as  ceaparod  to 
opontiag  oonditioas*  Slnco  thMval  lamlwt ion. which  hao  gyoatcr  tonporatuvo 
stability  usually  has  grsatsr  thWMl  etndustivity*  it  is  sdvlsohls  Im  seas  sasss 
to  Usulito  piping  in  two  Inyoro*  Tho  first  Inyor.  isasdUtsly  Mit  to  tho  ptpo. 
i*  Bodo  of  a  aore  Uaporaturo-stohlo  sad  aoro  soaduetivo  astorinl.  nai  tba  asoaai 
laysr  of  a  aatorial  with  bottar  thataal  iaaulstiag  psopar^lM  4at  loww  tcaporo* 
ton  otahlUtfa 

Thaiaal  coaduttlvltr  of  iaa.latlas  aatorUla*  ftirvoa  ef  tho  thsflMl  ooa*if 
tlvity  of  cariooa  taomal<4aaulatioa  aatorUla  oa  a  fuaatiaa  of  taipsraturo  oca 


glT*a  ia  fig*  123*  Aa  th«  figur*  sbowa.  aoltan  aerogel  has  the  loweai  ttMcoMl 
coaduetlTitf* 

The  therxal  eoaduetivity  of  a  thc.nral>iiiaulatioa  auterial  la  gpreatly  ia- 
flueaced  by  the  nature  of  the  Bux-rcucding  aediun,  la  contraat  to  ataadard  pmar 
luetallaticaa  vhere  air  at  atocapharle  presaure  ia  tba  aediua*  la  Buelear*<Uelled 
iQ9t?U<!tlona,  thoTBjul  insulation  can  operate  la  rarefied  air  or  any  klad  of  gaae 
Gaeaea  with  lov  loclemlar  vaigUt*  haliua  for  exaaple*  can  rslae  the  tbaiaal 
ccadustlTlty  of  an  insulator  by  2-3  tlcea*  On  the  eontrary*  tha  thainal-iaaula- 
tloa  properties  of  a  naterlal  can  iaproTe  la  gas  having  a  higV  aolaeular  veighta 
or  la  rarefied  alr«  The  Influenoa  of  rarefaction  ia  felt  at  preaaures  below 
1C  ca  Bg*  The  thermal  eorduotieity  of  laculatora  having  aBall  iatamal  porM 
(xoltea  aerogel)  la  leaa  aeoeitlva  to  changes  la  the  nature  of  the  surtouadlac 
nediua  than  are  other  inaulatoro* 


rc 

riC*  123*  Thamal  conductivity  of  kbo  tlieTa<l»lB«ul»tlM 

aotcrlila* 

(IjStclalcM  ctccl  ehlpoi  (2)  dlctoBitti  (3}alMr«l 
fiber  (T  -  Ue  k*/w5),  (4)  MMltor  (5)  irWM* 
BlBorcl  V0«1  im  vlrtittl  (ft)  Mletui  •lllUtMl 
(7)  MgcMU  (((5<}i  (t)  ftreproef  fiber  (i  «•  180 
(9)  eerodel  (U^)o 


rig*  12ii.  laseably  of  theixal  laculotloa  ca  s  plpoliat* 

(IJ  ripollMi  (2)  tubular  hootort  (3)  boator 
broeiagi  (4)  torp  doaoo  flrtpruof  flbari 
(5)  look  ladlootort  (6)  noltoa  atfogali 
(7}  «ut«r  Jaokoi* 

TtblM  42  oarf  43  proooat  dota  panelttlag  a  ooapariioa  of  Iktiaal  iaaakllat 
aadt  of  Boltaa  aarogtl  wltk  abaadard  laMulatloa* 


TABU  42 


Ccuparlaoo  of  &at  Loaa  Tbrough  Lajrara  of  VArlouo  Thaiual  InauUtlo*  Kat«rlAla 

of  Identical  Thlc)cQ*ea  (toaparaturo  of  aurfaeo  of  Blpot  4S5  6* 

0 

tecaparaturo  of  aurrouadlaf  aodluoiv37  0) 


lypo  of  Inaulatlon 


Thleknaaa  Tatparaturo 
OB  of  outor 
aurfaeo  of 
iBOUktlOBa 


Boat  lea* 

par  llBMr 

■ator* 

keal/aor 


Batt9 

of 

kaat 


Koltaa  a«r^*i 
Btaadard  tamUtia** 
f  Irapraaf  alaaaal 
fUar 

oo 

Itoltaa  aorogel 


n**  jo  M  u  4t«Mt«r 


Naltaa  aaracal 

4C 

n 

•aki 

Staaiart  laaulatlaa 

S» 

a 

m 

laM 

ftrotraaf  ataagal 

m 

4f 

m 

•J9 

flkar 

Malta*  *aN«al 

• 

• 

- 

•  Z*  tIMa  aaa*  *< 

1  a  iMaa 

■al  taaalttaa  BatUi  *  tkaa 

aai  aaaftM 

UatUr  af  AaST  taalA 

feaar\  at  a  ! 

fiarat 

waatlltV 

laMUtloa  aaaaiattag  *f 
a*  aaw  ta««  ar  MUa* 


*a  !**•»  Ufaa  at  flrairaaf  i 


fttar 


r .  *- 


3  5  3 


TIBU  43 


]Soonci:.jr  on  I'Sutvrlal  frc*a  Si<itobins  frocB  Standard  Tharaal 

0 

t«  Kioltea  larogol  Ineulatlon  (tespcratura  of  eurfaea  of  pipoi  455  C* 

0 

temperature  of  aurroundlng  sedltai  2?  C} 


Material 

RalatlTO 

LSad  par 

eoaatiaptleB 

ZnaulatloB 

1 

• 

• 

b 

llaaar 

of  Batarlal 

laterlal 

* 

u 

0 

5 

8 

Botar 

1 

4» 

A 

i 

i 

1 

a 

3 

1 

a 

3 

b 

■ 

0  J 

& 

• 

^  1 

8  8 

Hi 

s 

8 

I 

S  3 

^  I 

1 

t 

Its 

»  1 

li  1 

'  J 

3 

III 

1 

«  I 

1  J 

5 

2  ^  B 

Pip#  200  BB 

la  dlMOti 

9 

e 

Staadard  laaubtloa 

56 

33a 

0.07 

17 

1.0  1.0  1.0 

Moltaa  aareeal 

3a 

63 

yi 

0.085 

7 

042  0.35  0a3r 

Flpa  50  ■■  la  dlaataa 

» 

Staadard  laaulatloa 

3» 

61 

lao 

0.018 

5 

1.0  1.0  1.0 

Holtaa  aarofol 

IT 

V 

180 

0.004 

1.2 

0.33  043  045 

•  •Studard*  luuUtlw  la  tiila  eaM  Btaaa  a  tbemal  iiMlallw  hatrlag  a 

*  .  * 

tbuHa;  eeaduetifltjr  of  0*07  k«al^  bowr  0  at  a  tiyaratara  of  Mf  0* 


NBUjB4 


UV/ 


V* 


.Most  the  Bistsrlals  uasd  Ao  not  loss  thslr  themsl  Insula ti on  propartiss 
after  proloDiied  Isnsrsion  In  voter  and  suhesquont  drying*  oocespt  for  ooltao  asrogsl* 
which  should  bo  piuteeted  frca  the  effect  of  moisture  by  eeeerr  or  Jachsts* 

Radiation  was  not  observed  to  affect  the  properties  of  any  of  the  insulation 
materlAla  studied* 

JiSBfably  of  themal  Insulation  on  pipelines*  Figure  124  shows  sehanatlenlljr 
a  eross  section  of  pi.  illne  with  themal  Insulation*  elsctrla  hsatem*  and  e 
llquld^atal  leak  Indicator  aountad  on  It*  The  leak  lodleater  eoaslata  of  • 
metal  ring  Insulated  alectrlcally  frea  the  pipeline*  Liquid  natal  flowing 
through  a  leak  ercstee  alactrieal  contaet  batweaa  the  ring  and  tha  wall  of  tho 
pipeline*  which  can  be  reeorded  by  special  davlcaa  InfoRslng  tha  personnel  ^«at* 
log  tha  laatalla!  vn  of  an  accident*  Tha  leak  Indicator  can  be  located  net  only 
between  layers  of  Insulation  (Fig*  124)*  but  also  directly  on  the  ntrfaee  cf  the 
plpe^ which  peislts  tpeedltr  d^aeoeery  of  tbn  leak* 

The  two«layer  tnsulattoa  abowa  ia  tha  figure  wan  unad  suaaannfhlly  U  aaw«Nl 
aaBl*lodustrlal  llquld«aetal  Inatallnttoa^  Tha  Inner  Inyar  of  Innulntlon  wan 
fitted  to  the  pipe  by  acann  of  a  ftrapreof  aoid  (glann  flberc  ate*}*  and  tho  eatnr 
layer  by  acann  of  n  aetni  tnpsc  followed  by  aabaatos  nboathlng*  Flnnllihtho 
auifaaa  of  tbo  lanulitlen  In  aevarad  hy  n  Inyar  of  aeaant  protoetlng  It  flat 
aoloturo*  aeeetlaae  tho  insulation  In  pretaetnd  fro  aaahaalanl  icMgo  hy  n  natal 
Jn^a 


9 


MCU5S4 

Chait«r  VZ 

rtB  uo.<iD-KSTAL  sxsraa 

(C.PORUDOYimS  ZHIia!lHirr*l»_JCHE5f-TKH  SISTW) 

35*  Meehaalr^l  I\a>pa 

Mo«haiilcaL  punra,  whloh  aurpaas  aXactxoiag^atie  puBpa  la  affleianey  aai 
coat  leatf  ara  frai^uantljr  uaed  la  llquld-cotal  raaotar  apataa* 

CaatrUu^al  pvapat  whoat  h^ilreulio  eh&raeterlatlca  aad  Aaaiga  fttlljr  aMt  tha 
raqulrerxala  Zw  «;£t«adad  wpcratioa  at  aoaataat  ftad  aad  head*  ara  tka  laoat 
eesaalp  uaed  eirculatloa  puapa  for  trlsarr  elreulta*  Raeiproaatlac  ympt  an 
uaad  oalp  aa  aualllarp  ualta*  alaaa  tbay  haia  a  lav  dlaeaarca  rata  aad  araato  a 
jpuleatlad  praarura*  k  raelproaatlas  puap  vltk  a  aar^'^tlaf  dlaphra#^  la» 
furthaxeera*  uarallabla  la  axtaadad  aaratea  kaaauaa  of  tha  daa(«r  of  dla9kra#i 
fall'tfOa 

Slaea  liquid  folia*  tk*  caaaral  prlaelplaa  of  kydroulla  r*aiakaa*a» 

tka  aaatloa  katvaaa  tka  lalat  aad  eutlat  Toiea  la  daalmd  la  aaaardaaaa  vltli 
tka  ataadaid  foiwila*  for  lla«Ma* 

n*  aajor  proklaai  vltk  ■aakaataal  putpa  la  tka  daalp  of  aaaia  ai4  kaarlap 
raUakla  la  oat  aad  ad  tarolaa  vkara  tkan  la  ta  ka  aa  aaaaaa  far  laaititlna  av 
rttaliaa 

•aaia  akaaid  aaavl«\alp  oaalada  tka  paaalkUlty  ad  iaakap  at  tka  UfaM 
■atai  ar  aapap  at  ata  btta  tka  pav  la  ardar  ta  atald  akntaal  raeatlaa  witk 
tka  aaalaato 


/ 


In  dealgniDg  bearing*  for  llquld-aetal  pvtnpa  it  eoaiotiJnea  ia  nseassary  to 
uee  tha  pumpad  medium  aa  a  lubricant,  l.e,,  lu  uaa  a  liquid  with  poor  lubrie«tla( 
pxopartiaa, 

Coaaiderabla  dlffieultlea  erlaa  in  aalactlng  a  material  for  eonponaota  of 
beuxlnia  and  aeala  alnea  the  use  of  ^1»ersa  satsriala  in  a  ayatca  laada  to  tho 
poesiblllty  of  traoipor'-  of  undiaiduai.  amatituenta  cf  tha  material  by  tha  moltom 
metnl. 

Mechanical  pusipa  u«a  dlf.phra,ia  and  gaa  aeala  aa  vail  aa  aeala  of  frosaa 
metal  —  the  coolant. 

Table  iUi  givea  certaiu  data  for  Beehanleal  .Ampa  vhleh  hata  parfoaMd 
cuceii-fully  for  1,COO  tcura  and  cnro»  All  tha  pw-pa,  with  tha  axeaptloa  of  ona 
roclprccatlng  paup,  era  ein;;le«ote(;o  centrifugal  pumpii  tor  pumping  liquid  aodlua 
la  elocil  elreulta,  Tha  raclprocatlng  pump  vaa  daalgiwd  for  apoelal  teohnologlttal 
pn>ei  »c*a  rc;ulrlnd  luv  daliaary  and  ralatlvaly  high  pretauroa,  Tahlo  U  «lm 
tha  cazirua  Talua  of  Uydraullo  affleltney  for  tha  puapa,  iaeludlac  tho  drlaoa 


iteussk 


/ 


IM.  Htc*t  c  rtyatmMptMMMM 


ri<«  CuMl<«otor  pia^ 

(1)  Ooelaat  iaXtti  (2)  dUpkn^l 
O)  eoolut  dlwtert*  (4)  UviU  Mtal» 


lMp«Utrs  tnH  MatrlfUfkl  tmp§  «rt  dMUMd  MMtrdUig  to  towtflMttoM 
for  ooovMtloool  Xl^uldo*  Tho  olMroMo  at  too  rnlUi  b«iod»  toMoor.  dhodM 
bo  taorooaod  by  lo5  to  2  tlaooi  tblo  lo  topoololly  toportoot  wboa  Mldg 
■tool**  wbXeh  bovo  0  bleb  ootmtlaol  of  bool  — y— *tTOo 

OBBfloto  oJriigbtoooo  of  tbo  wrkSai  ioXub««  oopootollf  — t—tmt  la  — 
rodloooltoo  Ufoldo*  to  ooblofod  If  tiofbropi  oool  yaii#*  fbo  nioroHia  of 
dtoybro^  oooto  to  boood  oa  ooporottoa  of  U««U  aotol  ttm  air  If  oa  olHIcM 
aboU«  fbo  Ntor  toatd#  Iba  abaU  to  aalMrsod  to  Iba  Ufold  bol^ 


■i' 


punp«4  (tai  obtalna  Ita  torqu*  fran  a  rotatiog  •xter&al  magriniie  fiali* 

Eiapbra^i  seal  punpa  ara  aiada  la  two  nala  Tarlatlaat  eaDBad««otar  aai 
nagsatla>driva» 

Canned  Totor  puBca«  figure  125  ahowa  a  eannadHrotor  puap*  Tha  lapallar  ct 
the  jvmp  la  fitted  dlreetlp  oa  the  rotor  of  a  polpphaaa  aotor  eubaarged  la  tha 
pumped  liqiuid*  A  thin  cylindrical  BMc'oraaa  aakea  the  hearli^  aad  the  xotailag 
part:  completely  airtight.  Tha  shleldud  laauletcd  wladlnga  of  tho  atetor  ara 
located  outelde  the  aashrena.  The  rotor  le  rotated  ea  la  a  ataadaxd 
rotor.  The  atetor  winding  and  the  liquid  metal  la  the  regtoa  of  heerlaga  aad  rotor 
are  eooled*  Thus,  the  texpereture  la  the  drive  aeetloa  eea  he  eoBalderablp  holow 
the  t  esperature  la  the  aeetloa  betweea  tbe  lalat  aad  the  outlet  telta  aJfrie 
Mueti^ueatly.  the  ircblos  of  lasuletlca  of  tha  atator  wladlag  la  act  tha  raatride 
tlag  factor  la  settlag  tha  tCBpemturo  limit  of  tha  pwpad  ligalde 

Zb  daaldpilBg  auah  puapa*  tho  problca  of  hearlaga  oparatlag  with  ll«Btd  motml 
aa  a  luhrloaat  to  eenpeuadod  hp  tho  problem  of  oroatlmg  o  ottoag  opUadrloal 
mcBbraao  which  will  eauoo  tha  laaat  power  looo  tm  tho  motoTe  Imoaea  duo  to  oddp 
evrreato  la  the  mvhreaoo  reault  la  a  redvetlea  la  tha  overall  affialeatp  aT  tha 
motor  ead  U  0  aoed  to  r«ova  tha  haat  reaultiag*  Zaatellattom  af  ama^ree  u 
tha  aatar  olearaaea  lo  tho  raaaoa  that  tha  daalgaad  rattoa  acrmal  fUr  m  faiaa* 
tlaaaatar  aaaaa  ta  he  afttaale 

Tha  oeuater  targua  dawalapad  aa  a  raault  of  tha  proaaaaa  af  tha  Mhtoaaa 
aaa  ba  darlvtd  from  tha  gaaarol  aipraiaiama  far  tha  ai«a  af  a  hallo*  vUaior 
plaaad  U  tha  air  tap  af  am  laiaatlam  motar  QlOi 


•  p  • 

T  im  tb»  torqv*t  djn«*ai| 

»  la  tba  radiua  of  e/liBdor«  cat 
%  la  tha  tMeknaaa  of  tbo  eylladar  vail* 

L  la  tha  axial  laagth  of  tha  fiaU»  obi 
n  la  tba  flail  fra^uaaoy*  ra«/aaa| 

P  .  la  tba  raslatl*lt7  of  tha  eylialar*  oata 
S  la  tha  nuxtaa  nagbatlo  flux  daaalty^  tauaa« 

Tha  dloebbic&leca  oocffleiaata  c\aBd  |?  dataatlM  tha  raatataaeo  aai  tte 
Ibduetlra  reaetdnca  of  tha  efliBdar«  raapaetlaalfa 

la  casa  of  a  loaf  eyliadar  vhara  Bsuaatia  aatrrlala  ara  uaad  la  tha  alaotr** 
r<^tla  ajttea  of  a  aotor*  tha  thaoxatieal  aaXuM  of  tha  eoaffleiaata  ara  o«ual 
tai 


vhara  |*ts  tha  aita  of  tha  alf  cita 

Slaea  tla  t«ni!*'la  aaflidihlf  a^l  aa  aoaparad  ta  setarAtha  taas  far 
aatora  fad  hjr  aurraata  of  totBal  frtauaaef  tad  ftttai  <Ath  a  thla  aahaaaaa  »da 
of  a  ■atartal  af  hi^h  alaatrleal  laalataaaa*  !«•  (K)  aaa  ha  iraatatad  aaa 

*»“Y.  PH  (WJ 


fNBirte* 


r  » 


r. .  / 

d»>«a. 


^^7 


<*• 


.  -a 


«»r  U<iuld  tUUim 


Slu*  tb*  pov«r  lou 


H  -» l*«r  i  . itt) 


(80) 


H*  g«t«  aubatltutlBg  th«  •xtiTMaloa  tot  T  iat*  (fiO) 

W  ^'0  w. 

Sulatttuilng  for  rvrtala  voluM*  «•  obtaia  tho  foUowiac  fomiiu  for 
Mleulattag  tho  powor  loM  la  tha  oMbraaoi 

3.W.I0  •••tonr*  ,  (81) 

H - - - S  Ml.  (Ut 

whara  ia  tha  raalatlvltr  of  tho  aBhraao.  aotaaaa 

IL*  -i—  {.  tha  avaraga  aagaatta  flux  daaattfi 

3T 

fit  tha  dioaatar  of  tha  ofllhlar*  m» 

Za  daoigaiag  tha  puap  aotor  kaaptag  ia  olad  tho  goal  of  aailaai  oaarall 
affltiaaar,  it  la  aaaaaaaryg  firat  of  all*  to  try  Id  raduao  tha  flux  daaotty  aa 
onsparad  to  aaataatloaal  ataaiardOa 

Zf  tha  oxproaaieaa  for  tha  loaaao  la  aa  laduatloa  aotar  aro  aeahlaaA  with  tha 
foioula  for  tha  loaaao  to  tha  oaahraaa*  tha  rofulrod  ataatloo  far  doat^Uf 
tha  §m»  aotor  aaa  ho  darlvat# 

Tha  hook  mi  taiuaad  la  tho  yhaao  of  aay  laduatloa  aotar  la  ahtalaat  fhaa  tha 
o«B*llah 

ut^rroMa.  *  i«v  Vmo 


Ohara  f  la  tha  fratnaaay.  apai 

^  tha  total  aapatta  flux  ya«  aoio  yalr*  aaaNlIh 
K tha  aaoCftalaat  for  tho  oladiag  artaagiiat  (p  0*'M5  far  tipt  o|adlat)» 


IriUAtioa  (62)  differ*  frcn  the  conreBtlonel  trenefonier  foxuila  la  eoaffleleat 
which  ellcwa  for  the  arrandsieBt  of  ih*  wiadlag* 

Uelug  Eg*  (82)  for  thr*««phes*  currant  and  dlaraeardtod  th*  raalataaa*  of 
tba  ataur*  w*  gat  th*  following  azpreaalon  for  th*  power  fed  to  th*  cwtori 

g  109  "A,8»iu£)0*ii  wa.  •  »_  (*3)  (83) 


where  1*  th*  averag*  flux  danaltp  la  th*  air  gap*  gaua*l 

(ae)*  tha  apcolfle  electric  load  la  aaparaturaa  per  ceatlaiatar  of  the  laagth 
of  th*  gap  elrcuBf*r*ea*| 
a,  tha  aynohrcaou*  ep**d*  r*T/a**i 
D»  rotor  dlaa«t«r*  <■! 

It  rotor  laagthc  oi* 

rroB  B}**  (61)  and  (83)  w*  darlv*  aa  axpretaloa  for  th*  ralativ*  loa***  la 
th*  aeabraa*  la  tana  of  th*  haal*  poraaatar*  of  *a  ladaatloa  aetori 


I  ./L 

*  **»* itwi  * 


la  whl«h  aea  f  !•  lb*po(*r  fa«tw« 

Igaatlea  (61)  ahawa  that  th*  rolatlfo  kaaa*  U  th*  aihr***  or*  61r**tljr 
proportlaaal  t*  th*  dlaaetar  of  th*  rotor  aai  do  aot  d«g**i  a*  It*  ligtic 
Ob— qooatlyo  It  1*  adwteahio  to  —  th*  graataat  1— Ihl*  l/t  v*tl** 

for  iroUalaanr  •alaaUtl***  tor  a  mg  ■atoro  U  addltla*  to  (19)  aid  (H}* 
a  taowladg*  of  th*  rolatl**  tea—  la  th*  aaggar  of  th*  roter  a*d  tio  otater 
1*  rafiteod* 

Ih*  — a*t  la  th*  roter  rod*  —  ho  dotanUid  ftea  Ih*  apaottw 


••w 


m) 


1? 


•  •  t 


I 


wher*  !•  the  total  minbar  of  atator  eonduetcrat 

la  tlio  total  Dtoibar  cf  rotor  eoaduatcrat 

I  ,  tba  phaat  eurr' ut  of  tha  atator* 

1> 

The  current  In  the  rotor  rin&a  la 


(66) 


where  p  la  the  zanaher  of  pole  pain* 

The  total  loaeaa  la  the  copper  of  the  rotor  are 


(iri 


(87) 


Bera  '  c  la  the  realatlrlty  of  the  rotor  eoaduotora*  uoi«*CB| 

2 

la  the  eroM  aeetlea  of  eat  rotor  rod*  m  t 

la  the  offeetlTe  leacth  of  the  rod*  equal  to  the  leacth  of  the  rod  plus 
the  quantity 

''a'A<  •• 

la  the  aterast  dleaoter  of  the  rtn(*  «i| 

2 

la  the  creaa  aeotloa  of  the  ring*  •  * 

Valag  the  anpraaaloa  dor  lead  and  14*  (69Xoo  obtain  tho  foUowlnK  aquattan 
for  the  ralatlto  loaaoa  la  tba  of  tba  rotor 


SlBllarly*  for  the  laaaaa  u  tha  aoivar  af  the  atator*  ua  gat  tho  foUiwtngi 


tm 


(•» 


Ohara  la  tho  total  orooo  aaotian  oT  oofgar  pm  atator  olota  oo^i 


f 


N  !■  tha  minbar  at  atator  alotai  i 

aa 

1,^  la  tha  aaaraea  langth  of  eo&duetort  aqual  to  half  tha  avaraga  tun 
lacgthi  €■• 

Equationa  (63}.  (S43«  (68),  aM  (89)  aalca  It  poasibla  to  ealeulata  tha  total 
loacea  in  tha  isotor  and  to  dataxnlna  t^a  optlaim  ratioa  of  tha  haale  aaluaa* 

Tha  prcsijiica  of  lif^uid  matal  la  tha  gap  batuenn  atator  and  rotor  laeraaaaa 
tha  oTerall  Th«aa  additional  loaaea  ara  aada  up  of  'tantilatioa* 

ffleehanioal  loaaea  and  loaaaa  due  to  eddy  eurranta  paatlng  through  tha  lighld* 
Aetuall/t  both  typaa  of  loaaea  ara  vary  amall  and  naad  not  bo  takaa  into  aaeouat* 
loaaaa  can  aleo  ba  eauaed  by  tha  paeuliarltlaa  in  rotor  daai|P»  It  ia  not 
adrlaabla  to  suh^arga  a  laainatad  rotor  oora  in  liquid  natal*  la  aueh  eoaditloMa 
tha  inulatioa  betuaen  tha  laninaa  would  baeosa  quickly  dlaruptad  and  would  aanra 
aa  a  aourea  of  eontaaination  for  tba  liquid  aatal*  whleh  ia  uadaairabla*  Xa  vlaw 
of  thia*  rotora  ara  aada  althar  aelid  with  copper  roda  ia  tha  alota  or  ara  aaalod 
frcB  tha  outaida  with  a  abaath  of  thiawallad  tuba  of  aagnatie  aatarial  ta  order  to 
praaaat  aa  iaeraaaa  ia  tba  *air*  gap*  Bowavar*  dua  to  tha  ralatiaaly  large  *air* 
gap  aaeaaaary  and  tba  ahialdiag  affaat  of  tha  fiiad  aabraaa*  Mithar  daaigi  of 
tha  rotor  aera  briaga  about  0  ecticaobla  drop  ia  aotor  offioioMgra 

Za  Tiow  of  tba  aaad  to  uea  tha  ptaspad  liquid  aatal  aa  a  lubriaaat  for  baar* 
iaga  ia  aaaaod«c«tor  piavia  a  typa  of  hydroatatia  baariag  baa  boaa  uaodc  leau* 
a  baariag  ia  which  prcaaura  ia  tha  lubriaatiag  layar  ia  aaiataiaad  bg  aa  aitiraal 
aeuraoc  Ito  aaia  advaataga  of  a  bfdraatatia  baariag  ecoc  aa  ardiaonr  Ipitoa 
dyaaaia  baariag  aoaaiota  ia  tha  appartuaitp  af  aaeaidarahly  taaraaaiag  tha  apaaiflg 

Pifva  ISi  aaawa  a  arasa  aaatiaa  of  a  baariag  aad  a  Maw  of  m 
baariag  aurfaaa*  Tba  aaak  af  tba  abaft  baa  a  aallar  baMag  aaa«al  patitaH  aaab 
af  wbiah  ia  iadiMduallp  fad  wito  Itfuid  aatal  trm  aaa  aeaaoa  raaaiwro  toa 


liquid  flovH  out  of  tho  boaring  along  Ita  adgec  an  wall  aa  throu^  leagltudlaal 
grooTaa  batweaa  tba  poekata*  Tba  longitudinal  groowaa  aarva  to  azeliida  tka 
posalblllty  of  praaaura  aquallsatlon  In  tha  eantral  port  of  tka  baarlng  bp  oTor« 
flow  along  tha  elreuufaranca*  Caleulatlona  ahov  that  Introducing  longitudinal 
grooTas  In  a  baarlng  having  a  ratio  i/U*  2  doublaa  Ita  load  eapoaltp* 


IM»0d  ti-  A 


rig*  124*  Pla^ai  of  hgpdroatello  baorUg  ItMaolot 

bf  Ilf  14  Mtaia 

(DUftdtalati  Ct>  llfl4«illd*| 


O)  ttvtttto 


rtc*  •f  •  MntUtU  ^mtUc* 

(|)  N«sM>«r  tt  (1^)  ntto  9t 

ta  poetat  «e  prtNMr*  U  tto  mmIw* 

(•)  R«Utt«MU>  9t  kMTlat  «•  NMlMT 

frMWMt  (%)  «»Im  *i  l^i 

raOal 


tta  iwrtat  MU  M  HaUin*  AS  m  ImA»  sa«  AUrs  utlii  a 
VMtsiu  vitA  rufMS  U  sto  Surisg  ImAUs*  rUitUul  SAnttla 
•AJuUA  lA  «mA  «  wf  u  u  mum  iUrttuI  gruuM  u  ^4  SA» 


operation,  any  dlrplaeeoant  In  tha  at^t  tovard  any  pocket  vlU  oauao  th« 
pressure  in  It  to  rise  end  tka  preasura  in  the  diametrically  oppoaite  pocket 
to  drop  corroepcndinely,  and,  oonaeouently,  will  din  riae  to  laatorlDg  foraoe 
The  cross  grooves  of  the  poekets  are  Iniended  for  eatabliahiag  an  ‘otl*  wod«a 
during  iBiereency  liiierniptiona  liguid  inra*.;  the  bearing  fenotiona  aa  a 
bydrod^nofflio  bearia^* 


U**  HI  <  A‘  * 


rig,  128,  CeatrifucaX  pi«p  vltk  aagpetta  4rlv»e 
(1)  ftpallari  (a)  fraiai  (3)  tolvM 
U)  drtelac  WHpMtai  (5)  aiHteaMi 
(&)  towatage 


MCL.fi5l 


7iiur«  127  ahowa  analytleal  auTTaa  ehai-aot«rl>lng  a  hydroatatle  baarlas  cf 
tba  daalgB  dlaeuaaed*  To  avoid  varlatloBa  la  tha  load  eapaeltj  of  tha  baarlat 
it  la  cou'ildarad  adviaabia  to  hava  an  odd  nuabar  of  croovaa*  mabariiic  at  laaat 
fiva# 

Purepn  with  drlva»  Flgura  128  ahcva  va  airtight  puap  with  a  Bag^a» 

tie  drlT«(  it  la  a  corabiaatioa  of  a  centrifugal  SMXg  vith  a  paXBaaaat«aaaMt 
elutcba  lu  thia  eaaa  tba  uao  of  panumaat  aagaata  drlva  anauraa  hi^th  laXia* 
bllltp  aa  coaparad  with  aleetr<iaagnata«  aa  wail  aa  e»paotaaaaa  Tba  BacDotta 
eoupllng  eooalata  of  drlTlog  aad  drivaa  diaka  fittad  with  horaaahoa  aacaatOa 
Vhao  tha  drlva  rotataat  tha  nagnata  of  tha  driving  dlek  attract  tha  aacaata  of 
tha  drlvaa  disk  aad  cauaa  tha  lapollar  abaft  to  ratato* 

Tba  wgrklog  voiuaa  of  tha  {oatp  la  covarad  bp  au  airtight  hood  whleh  la 
ottKahad  to  tha  houaUg*  Tha  thUvaliod  ooBaagaatlo  atahraao  fomlac  tha 
cyiladrieal  aurfaea  of  tba  hiMd  la  Xooatad  la  tha  gap  batwaaa  tha  pelaa  of  tha 
aacnata*  Puapa  of  ohoh  dtalga  of  up  to  20  hp  at  1«500  rpa  145  aaMifaa* 
^trad  la  hrltala*  Tha  traanilsalea  of  aoaaldarabla  pevar  hp  naaaa  of  aopatla 
elutehoa  la  dlffleult  froa  tha  daatfa  poUt  of  vtaw  ovlag  to  tho  dlffloultp  of 
arroBclac  tha  ratulrad  owhar  of  aacaota*  Tha  praaaart  la  tha  aporatlac  thaifear 
of  taa  ^av  dapoada  oa  tha  atraopth  of  tha  awhraao  vhoca  thltfcaaao  la  Iteital 
hp  tha  aiaa  of  tha  itp  hatvaoa  tha  polao  of  tho  aopaota*  Tha  aalaatloa  af  tha 
pomlaalhla  ll«Hld<cMtal  taipotutura  la  ta  a  ooaaldorahla  oaloat  datanlaai  hqr 
tha  oporottic  ooadlttoaa  of  tho  paiv-ohaft  hoarta#  alaoa  tha  ptapad  aodliai 
aartoa  aa  tha  lahrtaaala 

PMPi  ulthaaa  aaalaw  Mapa  with  gaa  aaala  da  aat  ro«uln  aaOa  for  tha 
Upuld  aatal  itaalf  4  thap  aro  afolppod*  thtrofoti#  with  ralatltalp  alaplo 
poahlhgoa  CttatrlfOfil  iwpa  with  foa  aoala  hata  laai  ahafta*  whaaa  appv  hoar* 

lac*  art  laoatad  ootalda  tha  aoaa  af  tha  ll%iild  aatal  aa*  Ita  topara*  d  datlaa 


MOHBI 


Tor  th*  Iat*!  zl  liquid  ■atul  is  tba  vorking  loliai*  of  tko  piip 

abould  bo  ^itOTldo^s 

Fuopo  of  this  typo  oxo  oquippod  vitk  aoqlo  of  inort  vhieli  f  ilia  tha 
^ea  ovor  tbo  froo  auifoca  of  tbo  liquid  aotal*  Rotating  and  labyriatk  aaala 
aro  uaodo 

tfben  auoa  gaa  laavigo  into  tha  atMoapbera  ia  tolarablat  ordinary  gland  paok* 
ing  or  fac«-to«faca  typo  contact  packing  can  ba  uaad*  Tha  kk  ttar  packinga  par- 
form  ralicbly  vlth  l;:brioattcnt  houaaar*  thara  la  dan««r  tw«l  tha  lubricant  will 
pcnatrata  into  tha  working  apaea  of  tha  pump  with  centcgainatioa  of  tha  liquid  natala 
Cm  Bay  not  laak  into  tba  atsoapbara  whan  radlc&ctiaa  liquid  Batala  aro 
inrolred*  Csa  of  tha  dcalgna  fcr  thia  caaa  ia  atewn  in  Fig*  IRf* 

Tta  ga«-aealad  centrifugal  puep  ahewn  in  fig*  12)  waa  daali^  and  mm- 
fccturad  by  tha  QMlla  itoaic  Fmct  laboratory  for  autaatia  NaHK*  Tha  eapoailiy 
of  tha  itap  ia  115  a^/bour  at  l«15e  ryst  a  23m  haad,  aad  a  Na-X  tMiarataro  cf 
3S5*C«  Tha  alactric  aotor  aad  tha  haariaga  aro  located  o»or  tha  froo  aurfaoo  of 
tha  liquid  natal  ia  an  otaoapharo  of  taart  gaa,  thoy  aro  protootod  froo  floodlH 
by  a  pipoliua  coupling  the  working  woImo  of  tba  wop  to  a  largo-capacity  oxteraal 
owarf lav  rcaorwlr*  Ic  tha  top  part  of  tha  piaap  tank  tharo  ia  lahyrioth  acal 
oa  tha  abaft  to  rcatrict  gaa  leakage  whoa  the  bDuaiag  of  tha  neter  la  rcawcodB 
aad  to  protect  tha  boarUije  and  tho  olaotrte  aotor  froa  the  eoforo  of  tha  yoaiod 
actalc  Suriag  oporatioa*  gaa  prooearo  ia  tho  upper  aad  lover  ohMhoro  la  IdoaM- 
oal  aad  to  lae  laahn  into  tha  otMophoro#  Iho  oateraal  aurfhoo  of  tho  upper 
heunUg  la  cooled  by  air  fna  tha  fan  which  aoalo  tho  aotora  dU  porta  of  tha 
pwp  which  ecae  iaio  ooataat  vith  tho  Mem  outootte  or  Ita  eapera  aro  Mdo  of 


rm*  U9. 


CMtri^ta•l  vva»  for  Kft<  •llogr  vttk  lakirUtt 

•M  CMl* 

(1)  SMttMt  (>)  taptUtri  (3) 

U)  o««fVM  wasMtlMi  (5)»fe«r%i  (4)Mtar 

MwtHt  (7)  •mUh  f«»i  (8)  lahyricih  Ma&i 


I'Cf  ISP  IMtvt  C  Uk'k«»  VRlOlanilHM 


rtc*  130*  OMtrtfiMpi  iMt  wiu  r«MXM<M*  CM 

(1)  U«iiU  uteti  (I)  oviui* 


V 

I 


Flgur*  130  tb.M*  1  eeotrlfugal  ;uap  cf  tha  0«k  Rldg*  LaborAtor/  «#• 
slgnod  for  A  livuld'^.AtAl  taapArAturA  of  up  to  750^C»  Tha  fAca^to-faea  eoatoat- 
typa  Bsal  la  loented  la  nautral  gaa  otw  tha  fraa  IatbI  of  tha  tet  liquid.  Local 
cooling  of  tha  casing  asd  tha  naeh  of  tha  ahaft  la  proddad  to  ansura  Boraal 
operating,  conclt  ons  for  tha  packing.  Whita-graphlta  earaela  and  hardanad^ataal 
rlnga  vara  used  for  tha  rubbing  alnanta  of  tha  seal.  Tha  find  hraakahla  flaaga 
joints  of  tha  rurp  arc  fitted  uithBatallle  ovAl>ahApsd  gaakatsc 

A  llquid«uiatal  reciprocating  puap  with  a  gas  aaal  has  haaa  anployod  la  tha 
ehcialeal  Iniustrjr  at  teuperaturas  up  to  ^0  C  with  haada  up  to  7e&  Xa  *»»«t 
easst  no  spaolal  probler^  aroaa  with  raapaot  to  tha  aaal  or  rubhli«  aUanta* 
Leaka«;a  through  the  nlatoa  waa  raturnad  to  the  aattllng  tank  of  tha  puap  aad  tha 
rod  waa  sc!<lal  with  ordlnnrp  soft  packing  la  ordar  ta  ratala  tha  laart  gaa  ia 
tta  aattlar  la  tha  apaea  hehiai  tha  platoa.  Tha  vclwaa  wara  af  apaolal  ahapaa 
dcaignad  to  prawaat  jualag  or  alegglag  hp  aatal  esMaa# 


Pm  tM  aaBfMia- 

mim  ij*«ea  •  •aifawaas  nsqwaa- 
imatsii  yamaNasa. 


riga  Vwar  aoa— ad  la  ovartoalat  trlatlM 
U  a  fraaaa  aadlMi  aaai# 


(t)  Thlatoata  af  tha  lapw  aT  U|aU  MtaU 
(a)  vewr.  ««tM|  (h)  aaal  laaglha  au 


Pltc  :32 

frnra  ;>r«  t»4tpiir«jr 

%nAA.>nifiiM  fro  JuiMMM  mpu 
f»0\f|iMwt  flfprorui  AMkMOOt  M 

ri<*  132*  LMkag*  turou^k  «  freiM^Mdlua  smI  m  • 
fuaetloB  of  Ita  laagth  at  varloua 
ixop9  at  tha  aaal  (A>)a 

atoeat  U)  Ap  =  2,8  atea«| 
atMOi  at  1,800  t|B| 

*akaft*  ‘*•5  (a)  LMka«a,  m^Ak  team 

(k)  atal  l«Hkk,  Ma 

*118  fnm  Mitot  !•  KlMtola,  maaa  omIo  aoaalat  «r  a  fruttaa 
btariac  wiu  a  oaU  aXaaraaaa  nilaO  vtth  lt;vtd  aatal,  TU  aaak  of  kte  ataft 
raka  aiaUat  tka  aaifaaa  af  tka  raaaaa  aatal  fomtat  a  tkla  kul  a^ritiaBlIr 
*^t***a  ftte  af  aatala  Tka  ftla  ta  ■alatataai  la  tka  Ittali  atata  8aa  ta  tka 
tT  Tflatlaa*  kat  la  trlav  af  tta  klfk  tkmal  aoaiaatiaitF  It  Y***^*r 
Alaalpataa  tka  kaat,  Aa  a  raaalt,  it  Oeaa  wt  kaa^  tklak  aaaaOk  ta  aaaaa  a 
aMtaiOtaak&a  laakaia  af  aatak*  Tka  kaat  at  tka  kat  aatal  aal  tka  kwt  af  fiia* 
tlaa  la  aaatUaaaalf  naavat  kr  aaaaa  aT  avaalal  aaall^  ky  llfaU  aa  fM* 

^  iwar  tfaat  ta  afaaaaaa  faiatlaa  la  iiaaatly  paatartlaaal  ta  tka  la^lk 
laatartlaaal  ta  tka  tklataaaa  af  tka  V^ar  af  llfali 


^4/ 


«f  tka  aaal  mi  lataraaly 
aatal  (nc.l9D  US* 


Tha  Bagiituda  at  iMkaga  tbroufli  the  cmI  !•  dttMcalaad  ib«  ytiaaitf  at 
liquid  flaw  throufti  a  narrow  animlw  slot  at  vatTlnc  iraaaura*  tipaa  132  gXtam 
data  on  laakaga  wtoa  tha  abaft  aaai  la  ai  la  diaiatar  aad.  rotataa  at 
a  «  1(800  xiM* 

Cf  eraat  lafoitaoBa  for  aossal  parfoisanea  of  tba  aaal  la  tba  eooUac  tajpora* 
tura  and  tba  purity  of  tha  liquid  aatal«  alnco  tba  aaal  aeta  ilka  a  aold  trap 
with  reopact  to  lapuritlaa  (aaa  Chaptar  VXI}*  lha  aoBtatlaatl  aa  at  aodlna  ^ 
ozidaa  la  tba  fraoalaj  aaal  eaa  laad  to  Jaaniap  aad  braaMcua  of  tha  punpi  i* 
tbla  oonnactica  tha  o^paa  eoBtaat  of  tha  aatal  ahould  not  azeood  0«0<9Ca 


Tm  I o*"*  V*  yiUMWMWM. 


n««  133.  Mttfi  VW  Mttk  »  froMA  imI* 

(1)  iMrt  fM  apM*!  (t)  trtH 

(3)ftMMiUlW|  (k)hMtart 

M«lMi  wttn  •  <nM<»iw  * 
a»t  Mr*  %feM  loe>>ll^i 


Zt  la  advlaabXa  tc  thamalljr  laauZata  tha  aaal  trca  tha  wbela  sjatai  aat  to 
plaea  a  liquid  satal  lalat  apaea  laaadlataljr  naxt  to  it*  Tha  frosaa  aoaa  ahouU 


ba  aa  abort  aa  poaaibla  la  ordar  to  reduea  tha  powar  axpaadai  for  frlattoa# 

*  Tha  laogth  of  tha  aaal  vaa  froa  &  to  1)  m  la  tha  piAp  ahoua  la  fig*  133a 

fha  fra*  n<Tfaea  of  t^a  liquid  zstol  ua*  protactad  frcB  oxldatloa  bj  laart 

The  tTCiitA  aaal  la  not  capabla  of  althatudisg  preastura  dropo  graotor  thaa 
aaearal  taatha  of  aa  atooaphoroa 

Vhea  a  horlaoatal  abaft  arraacaaeat  la  uaed  It  la  aaooaaary  to  taka  aaaaaroo 
to  aaaura  that  the  abaft  dcflaetloaat  tha  teal  will  aot  axeaad  e»l  aa*  ?laig 
of  tha  abaft  ahould  aot  ozeeed  0*0^  m  to  avoid  plaatla  dafexmatloa  of  too 
freaea  aetal  aa  wall  aa  aseaaalwo  boat  raltaao*  With  a  herlaoatal  ahafta  tha 
attal  tha  praaeura  of  tha  liquid  oatal  la  tha  alot  la  laaa  thaa  too  iraaaara  of 
tha  Ihert  feat  tha  llqttid««atal  flla  aap  ntptora  aad  tha  gaa  paaaUataa  lato  too 
worklBf  tolna  of  tto  puote  T«rtitfl>«hart  pwpa  ara  aot  Uahla  to  thoaa  ahart* 
aealaca*  Itgura  131  ahowa  aa  ioarlaaa  todluo  oaatrlfucal  fov  with  a  frotoo  aaalq 
daatgaad  far  a  eapaaltp  of  50  aad  prataura  haad  of  30^  a  at  a  tftoo* 

tura  of  <i5^e  r«o«  haa  a  wartiaal  abaft  flttad  with  a  fraaaa  aaal  aad  aa 
atrtUht  hbuolhd  f Iliad  with  laort  caat  too  ohaft  rtalo  «•  to  dlaotar  la 
laaatad  uadar  tha  lawar  haarlag  at  a  dtotaaaa  af  JtD  aa  fiaa  Ite  tor  tooMag  too 
aPHW  a«(f aaa  of  tha  hauaUf  a  rUt  3^  m  la  dlaatw  aad  I5>  toag  la  gra* 
vldade  fha  torta  of  tha  fuag  f  Mto  af  tjrpa  410  atatolaaa  ataali  thara  to  aa 
aaad  tc  waih  hardta  tha  auafaaa  af  ahaft  aaaha  aadar  tha  aaato  aftor  ia><i>iiag 
tor  tola  tita  af  ataaU 


Fit*  134*  Sedtwi  •wtrUuca  (tWF  wttk  •  frotw  Mtl  Mi 
MrtiMl  Mtf%» 

(1)  Zatet  f«r  MolMt  (toliMM)t 
(i)  graiM^ilM  rlBci  O) 

Mtlalt  U)  MolUt  jMhal* 

fimn  iSS  itew*  M  MfariBMtal  Mm*  far  tto  iMar  1m«  «»•  !•  tfea  ae^ 
armaiMH  Tka  aMlM  atMitat  aaaaal  far  a  ateft  H  *  !•  AZflMiM  «a  445 
Itgika  M  tha  tMfaraaara  af  tfea  aaililftai  aataZ  aaan  Ua  Miatag  poiMa  tia 
aafeaaiaa  faraaa  itattataia  aai  aaaaa«aaaitlf a  tIa  atarMae  waatl  ilrtatafcaaa 
taallaa  vita  a  aata)  Mtai  laa  aici  taanal  aaaiaaUvity  aatoa  it  paaattia  ta 
fcaaa  a  ta^aaatara  ta  tta  atraalar  alal  alaaa  ta  taa  rraaaiaj  lataia  Ita  aaaaaa 
ta  flia  194  rapraaaat  tta  ataraatarUtlM  ai  tta  aaitaa  aaala  aavMi  ta  flfa*  15? 


■r 


Aa  abown  by  azperlenea  a  aaal  rlag  with  eoaieal  axterier  and  oyliadrieal 
lutex'ior*  foxalng  a  ccna-aUaiitx!  metal  flla  0^  am  thick  tran  tba  gaa  aids  and 
lO  »»>  trca  the  ll^^uld^atal  aida*  parfonna  more  aDoothly  than  a  ring  ot  eyllndrl* 
cal  ahapa.  Srldantlyf  with  dlalnlahlng  radial  gjp  tha  aolld  Inelualaaa  la  tha 
the  liquid  aat*!  ran  gradually  baeoma  ground  down  hafore  they  eauaa  daaaga  ta  tha 
:-«ck  of  the  ehafta 


^Ue  lji5e  tekaa  tt»  hy  tha  ftoaw  aaal  af  hte 

pwv  thawa  la  rtga  aa  a  fhaattaa  af 
tha  afhar  at  ratalatiaaa  ar  tha  atetta 


MOI^M 


J 


V* 


.w  j:.  ^ 


ri<*  13&»  CeeUi*  ««9««ttjr  far  •  ttvum  Mai  aa  a 
fuaaaioa  ot  ae4iia  taaparatara* 

(1)  Saal,  rt«.  Ijyi  (a)  aaal.  flf*  Ol* 

(■••kar  of  Bhar%  raaalaUaaai  1(840  nai 
aaal  taaparatarai  jfl^Oi  praaaara  Onvi 
0(833  fctA«*>a 

tha  aaal  alaava  aT  Ifea  naap  atoM  U  rif#  137  hu  atUa*  iaaiaiaH^adl 
kaUaal  alaaaala  far  «to  aaataat.waiaO  flawa  iaaiaatO  U  aaa  toUaal  ataMai  mM 
««aai«  Uttaattara 


^4/ 


I 


tli9  137*  f«*l  •tth  OM  ccoli«2 


kM* 


rtf*  13$»  Miitf  m»l  %tth  n«  _ — -^1- 


MBHW 


Jl  design  vith  tvo  lndapei>£ent  cooling  channela  la  ehcvn  In  7ig»  X38* 
lower  cooling  01x0X111  la  formed  by  a  double  belloal  channel*  The  cooling  elroult 
jire^la  Ihe  liquid  r.et&l  is  the  region  of  the  large  radial  gap*  vKmre  foreign 
ii  jlv.tlcns  aio  vTscip’-tited  before  they  can  aettle  In  the  upper  eectlon  of  the 
of  the  Blot*  The  upper  cooling  circuit  ccneleta  of  enannuler  chanher  which 
enauree  freezing  of  the  liquid  metal  In  the  region  of  the  narrow  annular  alot* 

Tuo  cbortlengtU  and  the  snail  radial  gap  In  the  region  of  the  frozen  metal  da* 
creaeoa  the  rotating  and  the  starting  momenta* 

Contrlfugel  puupe  with  frozen  eeala  are  convenient  to  operate  and  repair* 
They  hcvo  high  cfflcitincy  due  to  thatbacnce  of  ruhhlng  elonenta  Isnersed  la 
liquid  metal*  If  the  circulation  of  the  coolent  (water*  toluene*  etc*)  whleh 
freer.ea  the  eeal  la  interrupted*  the  acal  doee  not  fell  at  onea*  aa  a  reault  of 
which  there  are  alwaye  eaveral  mlnutea  for  esergenci’  maaauraae 

P''*'tlng  frozen  aealt  are  not  aultable  for  uee  with  llqulda  eentalalng 
abras*  .iU'ticlec  which  cauee  rapid  veer  of  the  ahaft  and  the  scale 

36*  Elec  trace  roatle  Iftinca 

In  eddltion  to  meohaaioal  luape*  elcotrcoagnetle  pumpa  art  uacd  for  punplng 
liquid  metala*  which  have  low  electrical  recletanec  aa  compared  to  ether  llqulda* 

Sleetronaguetlo  puape  arc  lower  la  efficiency  end  larger  la  alw  and  weight 
than  aechanloal  pumpe*  hut  they  fiad  eeeeptanee  due  to  the  following  ndvnatagaai 

1)  Ponalhlllty  of  complete  elrtlghtneca  of  the  caaonhly  owing  to  thn  nhnnnoa 
of  annli  of  nay  typei 

2)  Simple  operation  nnd  repnlr  owing  to  thn  nbaesea  of  aovlag  or  rotating 
parte  (bearlnga)  requiring  repUooBeat  or  lubrlentioat 

3)  oonvcaienee  of  loeatlon  la  n  nynton  due  to  the  nheenea  of  epeelal  tanka 
with  n  free  nurfaee  for  the  auetloa  andp 


MCL^ 


k)  possibility  of  adjusting  tha  discharge  orera  wide  range  by  ehangiag  tbs 
Input  Toltage* 

Elsctrcaiaenetlc  pumps  ore  ceoBoaically  praetleal  only  fcr  puaping  alkali 
aetala  haTliig  a  relatively  high  speolflo  weight  and  low  elaotrieal  realatanesa 
The  energy  eonevoisd  In  pusping  them  la  relatlfsly  lew.  and  In  this  respect  the 
efficiency  docs  not  exert  a  decisive  Influence  on  the  selection  of  the  typo  of 
puspe 

To  datSi  ec:.ciderahle  experience  has  been  acexiaiulated  in  operating  varlotta 
types  of  electrccngnetle  pumps  in  large  experhnental  plants*  nie  iBeriesh 
General  Electric  Company  has  built  and  tested  e  llj  s^/hour  eleatronagnetie 
pump  for  the  msrlne  power  plant  on  tha  sutaarine  *Ses  Volf** 

In  all  eleetrccagnotle  pustpo*  tha  motor  law  Is  uaad*  I*#.*  fores  is  ersstod 
by  s  cocductar  carrying  alectrlelty  In  s  sagnetle  field*  The  euzrent  flews 
along  the  liquid  metal—  which  playa  the  part  of  tha  conductor—  la  »  dlroetlon* 

parpandleular  to  tha  lisea  of  foreti  the  liquid  travela  perpendloukr  to  ths 
dlractlona  of  the  current  end  the  lines  of  ths  flald|  ths  dlrtetira  of  diaplnst* 
meat  Is  deteialntd  by  ths  lsft*hN>d  rule* 

Types  of  electrcmefnetle  ptaips*  According  to  ths  prlnclpls  of  epsretlen* 
sltctroKsgnetle  pumps  are  cleaalfled  aa  Induction  and  eonduetlon  pumps*  In  both 
clssoos  of  pwps  •  ths  magnetie  f laid  is  geaeratsd  by  eoreo  lastsllsd  la  tha  tee* 
dlstt  Tlclnlty  of  ths  duet*  Za  Induction  pueps*  the  oleetrlesl  eurroat  Is  eseltsd 
in  tha  liquid  motsl  by  eolls  sxtsraal  to  ths  duet*  wulle  la  eenduetion  pwpe  ths 
eurroat  la  fsd  In  and  rsmoved  via  busbars  eonaoetsd  dlreetly  to  the  duet* 
Ooaduetloa  pumps  eon  cpsrsto  on  both  dlreet  and  sltemstiag  eurrent* 

Ths  BOS  t  Important  typos  of  sloetrcBsi^stlo  puBps  srs  listsd  bolowi 

WWf 

1*  Dlrsot«eurront  ptap* 

2*  Altsmatlag-euryoBt  pwpe 

^7f 


M0U55b 


IndBetloB  PUBM 


1*  Helical  liiduetloB  pwp* 

2t  Tlat^tyv*  linear  laduetioa  ptai^ 

3*  XoDular  llaeer  InHuetioa  puap* 
k*  Induction  punp  with  rotating  field* 

In  helical  puapa  the  liquid  netal  aequirea  a  rotating  motion*  in 
puapa  translatioual non  cnlj.  In  all  typea  of  linear  induction  piapa  a  aXiAiac 
’*i»ld  of  polyphase  current  la  used* 

Very  adtaaced  deeigna  of  conduoilon  pumpa,  both  d»«  and  a^o*  aa  veil  aa  flat* 
type  line^  induction  puapa  are  a-railabU  at  preaent.  Helical  and  annular  indue* 
tlon  punpa  are  being  studied  la  Britain  and  the  CSh*  Fumpa  with  rotating  sacnata 
aro  aaaufnoturfrl  only  la  email  quaatltiea  by  Induatry  in  the  OSa* 

A.  eaznon  ahortecnlag  of  conduction  puspa  ia  tha  larga  vaouat  of  eurraata 
which  require  current -eonduc tin*  buahara  of  laree  exoaa  aoctloia  that  Mat  ha 
oonneoted  to  tha  thiawalled  iiqutd<«etaX  duata* 

Tha  adfantagea  of  aleetrcoagaatla  d*«  puipa  inoluda  alnplielty  of  dtaifk* 
coneenlanee  in  operation,  and  dapendabillty  oC  tha  electric  inauUttea.  Thara 
ia  experience  with  oentinuoua  aarnea  of  such  punpa  with  liquid>aietal  toipara- 
turea  of  up  ta  800*C  with  natural  air  eocliac  of  tha  wladl^* 

Tha  OTtrtU  afficiancy  of  d*a  ptaipe,  Includlac  loaaaa  at  tha  powor  aupply  . 
ia  about  15-20*  for  aaall  puaja  and  10-50*  for  largo  areanblita*  fad  fr»  hMO- 
polar  ganeratora,  rurthamora.  alneo  tha  dauada  oa  tha  alaotrio  laaulatiaa 
art  Mt  aaeara*  thas#  pwps  nay  ha  operated  undar  Intaaoivt  radlatioa  without 
eraating  great  diffleultlaa# 

An  adTsataga  ootcb  ta  a*a  alaatitaagDatia  puapa  la  tha  poMlhility  of 
uaihg  ordinary  acuraoa  of  aupply  far  tbM*  At  high  aapaeitiaa  they  are  eapar* 
able  in  also  and  afficiaaey  ta  d«a  pia«a* 


MOUSSE 


I _ 

119  K  Bufway  4rNil.  xipAKtr 

pH ivii>i:i«is  ;iAM»4‘::iir  MNinoro  iicrsAJia 
M  M;irHNtM«'M  i>o.ie  Haiuc* 


ris*  139*  (^aatttlea  Involved  la  ei;uatloaa  eharaetarlBlac 

tt»  flow  cf  liquid  Botal  la  tha  aaeaetlo  ft*14  of 
*  PUB»* 

A  dlaadvaatago  of  a«c  puapa  la  tha  aaad  of  apaelil  eoollag  by  foread  elroa* 
latioa  of  air  or  acne  fluid*  rurthonaora*  thay  ora  nora  aonplax  to  preduaa  aad 
Bora  azpaaalao  thaa  d«a  puipa*  Tha  aajorlty  of  alaotrla^lafulatlea  aatarlala 
uaad  for  vlndlasa  la  a«a  p\apa  ara  aaaaltlTa  to  radioaetlvlty* 

Tha  Bala  adraataca  of  laduetloa  puapa  la  that  thay  do  aot  raquiro  hl«b 
aurraata  la  or  out  of  a  thlsvallad  daat  by  aaaaa  of  haaay  buabara  ttm  apaatal 
pewar  auppUoa* 

A»pa  with  rotatlBs  aagaata*  whloh  do  aot  raqulra.  ourvoat«ooBduatlBC  bua* 
bara  aad  hara  a  alapla  powar  aupply*  ara  of  daflalto  latoraat* 

Tha  flalda  of  appllaatloa  of  tha  varloua  typaa  of  olaatrcaHcaatla  pwpa 
dopoad  oa  thalr  partlaular  faaturaa*  Tha  a>a  aoaduatloa  puapa  ara  uaad  f«r  aali 
aasabUaai  a>o  puapa  ara  baat  for  blouta  la  aaanbllaa  of  varleua  Mpaaltlaa* 
Zadiatloa  puapa  ora  ua«d  to  loowa  liquid  aatala  haalac  low  raalatlalty*  low 


vlseosltyc  ttad  lew  dwnaitr  (MdiUB«9otaMl«)a  elloy,  aodiUB*  toA  llthloi)* 

Halleol  laduotlon  punp*  4r«  •ffMilw*  at  low  eapoeltioa  ud  high  prM«ui«  hMda* 
and  linear  Induclion  puaps  for  high  eapaeitj  at  warioua  praaauraa*  Tabla  kS 
lodlcatea  tha  typaa  of  alaetrcmagBatia  punpa  raecanandad  for  uaa  undar  diffaraat 
oparatiag  conditlona  • 

Tabla  46  glaaa  tha  baeie  charaetarlatiea  of  acna  alaetroBsgiiatia  puapa  whioh 
baaa  bean  oonatruetad  ~437a 

Design  of  aleetremaKnatla  puBPa«  Lat  ua  praaa&t  tha  baaie  aquatioaa  oobbo* 
to  all  typaa  of  punpa  g  eharaetariziag  tha  flow  of  liquid  atatal  la  tha  aMgaatia 
flald  of  tha  puep  '%}]• 
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typM  of  KXMtroinacnotlo  Aapo  BoocoModad  for  Torloua  Qporatiac  OeadlfeloM 


Dlacborgo  oad 

preaauro  hood^ 

SodllM  «0«K 

aUop 

Btaath 

<5(55/hottr. 

2 

<2  kc/«B 

A««  Moduetxoa  ptap  oparotiag 

oo  ilM  froq^oaop  throoiB 

o  traasf  onor 

i^*a  eeaduettoa  piaip  eparattap  aa 

llaa  fraquaaap  tteoai^t 

a  traoafaiaar 

5*i£3  B^/bour, 

Ltooor  iaduotlao  puap* 

duetloa  puBp  optfotiof  oa 

llaa  froquoaap  «ttB  a 

acparata  traBofcnaar  a* 

(loaaMtod  to  It 

Ccsdustisa  pv=p  spnratlap  oa  lUa 

fra^uaaop  vltk  or  wlttoat  a 

traaaiacaar 

<X0  baoTt 

BoUoal  iadttotloa  pop 

Ballaal  d-a  puap*  Baliaal  a<a 

aoaduatlea  piaip  wltB  a  a^arata 

tnaafamw 

<20  a^/touTv 
k4/«^ 

UB«*r  laducttoa  piapa*  M 

aad  aia  ooadaattCB  pwpa 

oporatlag  oa  Uaa  frav>«Mt 

piO  aad  a«a  eoaduattaa  paapa 

wltB  aaparata  traaafomara 

<200  a^/hewr 

Uaaar  tadatUoa  ptapa*  0^ 

aad  aM  aaadaatlaa  piaipa  at  a 

levarad  fra^vMp  witB  a«par> 

at#  tnaafomiM 

aat  a*a  aoadaatlaa  gmto  ot 

tewarad  froytaaay  wm  aaparata 

traatfaaaara 

>2Mal’AM«, 
>7  2i/d«* 

Uaaar  tadaatiaa  pwpa*  B^a 

PH9 

l>«a  pMfa  d«a  aaadaatlaa  piav 

at  kwarad  frajaaaay  witB  a 

Mfonto  tMHiCWM* 
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vicufSk 


Zr  aa  alMnt  vi  liQuU  vitb  dteauioBa  ud  ds  (?!«•  I39)  la  flaaal 

in  a  aadBatlo  flald  vlU  atraacth  (aadratad}  anda  flurzant  flawa  aloM  tha  almat 
with  daaattjr  Z^(aHi>ara/(a^}.  thaa  la  tba  a  diraetlaa  It  wUl  aaparitBaa  a  tor— 


Tha  total  vraaaura  davaloyad  hj  tha  jmb*  whaa  Ita  affactlvo  laagth  ta  1,  la 

r.  (“'•'S  C»> 

Thaa  tha  pewaa  at  tha  ptay  dlaahaafa  ia 


10- 


(n) 


la  whlth  I*  ^  1  «i^/Ma| 

•  aad  I  ara  tha  dtszraloaa  of  tha  aiaaa  aaotlaa  of  tha  ahaaaalo  «o  (aaa  nca  I3|)| 
4  ia  tha  taloaltp  of  aatai  flaw  la  tha  *iata  taAMa 
fha  haala  powar  laaaaa  aoaalat  of  raalataaaa  loaaaa  U  tha  lltall  aatai  (Tf )a 
U  tha  vladlaca  p;},  to  tha  daat  nalto  p^}»  aa  vaU  aa  tha  hpdnaUa  laaaaa  ta 
frlattoa  of  tha  ilfaU  acatoat  tha  daat  walla 

Tha  raalataaaa  laaaaa  to  tha  ll«aU  aa;al  aaa  ha  datamtoad  hp  tha  faUaalH 
afaatlaao 

» »tf  j  J**  m,  <'•*•  (t)l 

whaaa  P  to  tha  alaatrlaal  raatoUwttp  ad  tto  aatala  alB*ato 

Tha  aHlaarp  aathada  ad  aalaatottito  hiiiiaaUi  frlattoa  laaaaa  aaiMt  ha 
aaad  to  daalplag  alaatrcaapatia  papa  to  alaw  ad  tha  hip  aaadaatlaity  <d  tha 

aapatia  dtold  aa  It*  Vtoa  tha  ll«aM  aaraa* 


llfald  aatai  aad  tha  addaat  ad  tto 


eusxaats  ar«  lateetd  la  itt  ^  iatoraattoa  of  tbaoa  eurzaats  with  tbo  aa^iatla 
flaU  laada  to  tho  fozMtiea  of  fareaa  Mhiek  aaaaa  adiltloaal  roalataaao  to  4Sa» 
plAcanaat  aad*  aooaaquaatlf*  to  aa  taeraaaa  la  klfroullo  loooao* 

Iba  haad  aspaadad  la  OToroailas  frlatloa  la  a  raotaacular  duet  ultk  a  klfk 
ratio  of  laacth  to  aldaa*  la  datosalaad  froa  tho  aziraaalaa 


I 


Hhora  la  tha  frlatloa  eoafflelaoti 
J.  la  tha  laajth  of  tho  daat| 

1  is  liquid  flow  ratoh 

§  la  tha  l«a^  of  tha  loaceat  aida  of  tha  creca  aoatloa  of  tho  teot|  Mi 
I  la  tta  tifaaltatloaal  aooolorotioao 

for  turhulcat  flow  la  a  duet  with  aseoth  walla  aad  whara  tho  aagaotlo  floli 
hta  a  Botlaaahl.  affoat*  tha  aotffialaat  of  frlatloa  aaa  ho  datoslaod  fica  tho 
ooaTaatloaal  ataatloh 

(tf) 


wharo  Ifo 


V  la  tho  kiaMOtto  wioMOtty  of  tho  Ufolia  mP/Imoo 
XavoatlcatlM  of  tho  taflaaaoo  of  a  ■od^otto  ftolt  eo  tho  flow  of  aoroMf 
ohowod  ttet  tho  offootlwo  vtsoaoltr  of  U«ali  Iomoomm  with  rlodac  floU  oftrooglha 
Xh  thU  0000*  tho  aoafnoloot  of  friotloo  oaa  ho  iotoMiJMi  IMi  tho  o«Mlloh 


•i 


U*  ' 


i 

l«  U^r»»* 


Ml 


i 


» 

■i 


ir 


nohM 


pmanbiUty  of  «b«  U«aU) 
\  .  aognotlo  Induettoa. 

/j  •  d/aaBle  TlMoolty^  fouoo/aB*oooi 

(3  •  oloetrlo  It  adottiity  of  tte  nhi — i 


VlCo  U«*  OMvh  «w  0>>iUMn  ^  inifflilMi  wt 
tMotiM  twptif  nm  «f  ItfoiA  ■rtil 
tlm»  >  rotMpkr  «m»  H  »  . 


^11 


If  It  li  tMmmti  ttet  ()5)  t«  wiTMt  for  auXI  valaM  i|«  (941 

i«t  large  rmluaa  of  ■,  Um  tte  iteatlMk  C;  «  ;  (tr)  eaa  te  ragraaMtaA 
iMllj  tor  rartcoa  ^  Cni<«  140  )b 

9b  daalga  ladattloa  giapa*  kaalB  aqaatlcaa  Baa  Ba  aarir«A  glvUg  tha  rol»> 
tlooahijB  «oBg  t4o  parMotara  aad  tha  alaatrlaal  gvaatltlaa  (aarrast  4«altp» 
aelta^  la  iBa  aladiag*  Ba^aatUlM  aapara^li^laga)  aa  wall  aa  fer 
tB*  atneiaaop  of  Ua  pap*  Oorraapoadiag  aalaalaiaO  OapnioMaa  art  gitta  la 
tOa  papar  Baatloaa*  aBeat  49,*  Ala  par-tf  alao  gl«aa  tha  haala  avatUoMfOr 
AaBlgalag  4-a  ooeduatloa  pspt  allovlag  for  tha  laflaaaea  of  aa  affaat 
to  taa  raaetloa  of  tha  amataraa  of  alaotrta  aetora  or  far 

tloa  far  thla  affaat  hf  aaaaa  af  a  aoBpaaaattag  wtaAiag*  thaaa  tMt  afaattaM 
aaa  ha  aaa4  to  dael^  a«a  aoadaattaa  papa  hat  Tllirnm  ahsaU  hai 
laflaaata  af  laaata  awlag  ta  a<4p  aairaato  U  tha  aatal  aa  waU  aa 
auxraata  la  tha  aupaBaatiag  wtMlag  aaO  ta  tha  Oaat  aaitOa 

Pt  Boa^atlaa  ana*  rtfiira  Ul  aheaa  aahrsaUaaUp  a  «aa  aoMaattaa  ; 

4  raataa^Otr  Oaat*  ahiah  U  a  aaattaa  af  tha  UgaUaaatal  ptplat*  la  attaatat 
haaiaaa  tha  polaa  of  tha  alaatreaagaat*  tha  aamat^faf  hr  aapftr  Virtart 
hraaat  ta  tha  *iata  laaaaa  ttreagh  tha  it«aM  aa«  part  thrcaTh  Oaat  aaUoa 
Xa  mUr  ta  raOaaa  powar  laaaaa  ta  tha  aiaUm*  tha  «aat  aalja  art  M«a  m  Ma 
aa  paaathia  aat  af  a  aatartai  with  ht^  alaatrlaal  rmtlnii  fhaa  af  tha 
■MtMl  la  tha  Itfili  aatal  paaaaa  thrmiih  tha  tiptUt  flili  Haao 
•lalai  rlaa  ta  attal  fhraaa  aaatag  tha  aatal*  aat  aaaao  ttaaalli^  Ma««  tha 

rtalt  laaa  (aaa  flga  I4t  a),ta  a  aaaoMtlla  aataat  la  laat  ta  affaatlaa 
thapapa  thaaa  laaaaa  aaa  ha  raiaaai  hr  laotalllat  «aalal 
la  thaaapaMa  ttalia  laagMaitag  tha  path  far  paraaltlaal 
aar  *aaa  ta  llito  Mi  ha 


ifO 


^  ' 


ft  • 
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Piu  141  »uiiiynui*«iiuo  it* 

tiir^  KMIIMO  TttM> 

#  -  .*  ^d«l#  MrkM*.  t  |« 

».«  m***  4  AMPWtft 


tic*  Ul*  8«k<MtU  4i»4tm  Af  •  AMfeMtlM  VMp* 

(1)  ItatfMt  »0toi  (2)  4ii*tt  O)  «•!•« 

U)  Ufiiti  tlw* 


J(i( 


1*^ 


J 


1  |4‘J  tv  MWr 

h  «»*h  V  H*  tA,1>  ItlrV^B* 

..«  •»  »»  •  >'•  f 

MU***  *' 


ru*  us*  OiatrlbvttM  of  Umo  of  onmdit  to 
U^to  MtoU 

(o)  tfliliMt  totolii 

(k)  oUk  towl><lto  okloUo 

(l)  Co9»«r  totooroi  (S)  wrroot  itoo#| 

0)  lHoM««oto>  ftooi  U)  toot  oolii 
(5)  toMlitloa  ■tooltot 

to  OMlioU  •f  too  OfiotlM  of  Botai  f loo  to  too  f^tlt  floU  of  too  fwv 
otoM  toot  tor  0000 tool  oormt  too  ooooollf  ooi  pof—ro  toot  oro  rolotot  Itoov^ 
toto  to  oMfltooA  V#  too  oto^tooBtoi  otonotortatioo  of  otolkr  |to|o  (om  Hgm 

mio 

too  w^to  ftoU  oBooiot  ir  too  oMtowt  totoiot  towoto  too  iMptoi  4to* 
torto  too  looto  MtoOtto  flOB*  lOtoMOm  tt  at  too  Uf loo  olio*  tlOOMOtot 

It  ot  too  ilotoorji  olio  of  too  ootili  tUo  looio  to  ootooot  |to»  ontHfo  tor 

***  afra. 


•a* 


I 


K&alL  punpef  with  a  issaotle  fialA  siid  ralatlToljr  wuk  eurrantc*  mah  a 

drop  In  aftleiaaa/  Ij  of  ac  aubatnatial  conaaguanoa*  Bowarar*  for  puapo  of 
conallarabla  upaaitiaa  onaratlxig  with  largar  eunraata  and  loag  polas*  it  io 
Da««a«arj  to  eompauMta  for  tha  nooualfontitj  of  tha  aagnatla  fialt# 


I’nC  K'  MHi  HMUMt  MttlHNI' 

ti-  X-  P  >M>:a’Kl  H'SifMVHIIt 

Tohl 


m*  I4J«  QoopacjattBg  for  a  V'laiatfeaa  u^tia 
fiald  bf  BaaM  of  abaagiBg  tha  AlraatlM 
of  tha  avrraata 

OnpaoMtiOB  la  aahlavad  hj  two  aaaMa 

Tha  flrat  of  thaaa  aoaaiata  i»  faaalag  •  oiiRaat  flawtat  awoailo  ta  tha 
dlraatloa  of  tha  ouiraat  U  tha  UiaU  aataX  throimh  •  aaaiaatar  laaatat 
uadtr  or  ovar  tha  teat  (fie#  ik3)»  h  aortaia  vartettea  of  thla  aathai  la  tha 
of  two«ataca  pwpa  with  horaaahaa^haiad  teota*  Zo  thla  aoao  tha  floM  ftawa 

VRaM 

uks 


va 


by  ont  an  of  tb«  duot  la  eonpasaatad  by  tba  flalA  of  tba  ebbar  axBa 


rid#  l>4a  Coa^anattloa  of  a  aosautfoxa  aafaatta  tltlA 
by  abaotlH  bba  abapa  af  %b«  cap  bataaaa  *ba 
•a^Mtla  pala  plaaaa« 

Iba  aaaaad  aatbod  oos^tUka  la  praaldl^  a  vadga«abapai  cap  bakaaaa  «ba 
polaa  00  khai  kba  aai^kta  caP  Iba  lapal  la  tba  Caaf  (Tlca  >U}a 

Za  addlUaat  tba  tfaaa  aaattaa  of  tba  #aat  ta  tapara4,aa  a  raiall  of  vblA  tba 
aalaaity  <r  kba  aatal  riaaa  ta  aaab  a  ia^aa  that  tba  oooator  Mfo  Mba  aaaaa* 
caaatly*  tba  aatraa*  daaalty  te  tba  ao«Mtia  nalA  aoaa  raMtaa  OMaataat# 
fba  laainataca  af  tba  bttar  aatbad  aaaaiata  ba  tba  faat  that  eoaplata  -r-fTi 
aatloa  oaauro  oaly  tk  apaetf la  vaXMoa  of  kba  aarrtat  aai  ftaU  aUai^kb* 

A  irabli  mmm  ta  ail  alaatraaipbita  fiapa  la  aalataialac  aifflaiaBtlf 
laa  fpaaakara  at  tba  alaabria  atabtac*  lb  tbia  tppa  of  pwp  Ita  taab* 
aratara  aab  ba  talaiad  ta  tba  Aaaltai  iaoal  by  rkaaaiac  tba  tlali  alatlac 


•ttttlelnatljr  tve  trcn  tto  duoi  vltti  the  BoLicB  Mtal  m  wall  bj  laMrtlac 
th«»al  iBsulKtioB  b«tve«B  th*  duet  and  tba  vola  plMM« 

Tha  typa  of  f&ald  wladla^  uaad  la  tba  pvnp  alaatraiagBat  la  diatatad  ahiaflp 
by  aaralta  raqulraiaBta*  ladapaBdaat  fiald  aiadlaca  ara  luuallp  Bulti«tan  typaa 
aad  bATa  a  hl^  working  woltaga*  Bara  tha  aaia  sroblaa  eoaalata  la  ooollac  tha 
olaotrio  losulatioa  of  tha  vlndlag*  Oa  tha  othar  haadg  a  aarlaa  vladlag  aa^ 
oonalat  cnlp  of  aararal  ooppar  turns  (or  of  oaXp  eaa  turn  for  largo  pvapa)  with 
a  largo  aroas  aaotloa*  Zaaasueh  aa  tha  voltaga  drop  aeroaa  such  a  vtadlag  umailp 
doas  not  axeaal  oaa  aolt.tha  problaa  of  alaatrla  laaulatlea  la  aolvad  fulta 
alrplp*  Tor  ojunpla*  baocuaa  of  aatural  oireulatioa  of  tha  air,  alr*eoolad  ptaipa 
oparated  without  areacalaa  hAatlag  of  tha  winding  for  ll«uld*aatal  tanparatara  of 
up  to  450*et  whlah  nada  it  poaalhla  to  uaa  lasquer*oeatod  liauktloao 

Tha  duet  of  tha  puipa  daaorlbed  altho'  la  waldad  (froa  aatal  ahaat)  ar  aada 
bp  ahlngllag  a  thia'wallad  i>oubA  plpa  to  tha  ra^nlrad  ahnpo*  Tha  thlakaaaa  of 
tha  duot  wall  la  0^*1^  m# 

Tha  abaoluta  dlnanalona  of  tha  atoaa  aaatlaa  of  tha  teat  ara  toraraada 
aalalTt  tea  hrdrauUa  loaaat«  white  baaoaa  graat  If  tha  aroaa  aoatlaa  af  tha 
duat  la  too  ■ail> 

tha  aatarlal  of  tha  duat  walla  dapaada  oa  tha  tppa  af  lltald  papadi  It  to 
aoat  aoBMO  to  aaa  atalalaaa  ataal  for  aodlwa  and  atroM  ataal  far  hiithi 
huataaitia  tppa  Ute  ataal  haa  aaltabla  walaaa  of  olaatrla  raatotlaitjr  to  tha 
raaga  af  wporatiag  taaparataraa  obi*«i  at  M*e  aad  ahaura  at 

5M  e)»  ttaola  with  high  ahraataa  aoaaaot  hawa  abont  tha  a«a  waliiaa  af  alaatrto 
raalataaaa  ala.  •  Tha  aaa  af  towwahraaa  ataala  to  aadaatoahto.iaa—ih  aa  thap 
atidiaa  haawllp  to  aar  at  high  taBparataraa»  white  to  hapaoatoalhto  to  tha  daat 
waltoa  that  aroa  aa  a  latoa  owap  thdte 

Xt  la  daatoabla  teat  tha  daat  walla  whlah  ara  paraltol  ta  tha  aurfaai  af 


th«  mimp  p  ox*,  goo4  ■•gutis  prapwtiM»  «Bd  tto  walU  whlak  ara  aeaaactaA 
to  tao  •Uetrodea  bo  oonaagnatle.  Tha  atalalaaa  ateaXa  U  tha  attataaltia 
ara  oooEagnatlc,  whoraaa  tiaa  ebraia  ataola  ar*  gpoA  I'oarrougaatloa* 

If  nagnatle  ataal  la  uaad  for  tha  tuba*  tha  walVa  eoaaaetad  to  tba  alaat* 
rodaa  elota  off  aoaa  of  tha  mala  floa  aad  wacJcaa  the  f laid  aaar  tha  alaatrodasa 
whleh  auat  ha  takaa  lata  aeeouat  durlag  aaleulatioaa*  lua  to  tha  foot  tteit 
larga  rngnetle  fltaaa  ara  uauaUy  uaad  la  puaia,  thla  waakaalag  of  tha  fiaU  la 
alight* 

tha  eoppar  buabara  braaad  to  tha  valla  of  tha  duet  aoBxatlaaa  ahould  ba  hpUt 
up  lato  aataral  dlffarant  parta*  aaklag  It  poaalbla  to  raduaa  tha  thamal  atiaaaaa 
ariotag  aa  a  ooaaaquaaea  of  tha  diffcraaaa  la  tha  thamal  «9aMloia  of  tha  Wa» 
bar  aad  tha  catariu  of  tha  daet*  it  ahould  ba  eoMldarad  tiat  tha  aatortal  of 
tb*  bueb^ra  (ecppar),  vhea  oyoratla*  at  high  tahparaturaa.  oUdlata  haavllp  U 
tta  a.tr*  it  500*0  tha  .ate  of  Mldatloh  la'^  2^  m  par  yodr*  Oxldattoa  aaa 
ba  raiNead  by  bi^lag  tha  buabara  ar«rata  U  a  .laakat  ftlladi  vttb  tamt  gMe 


Hbi?  U!  ttNIiiiliitil  MMt 

— nxiiw 


n«a  ^Sa  AmU  4-a  aaa^lM  pa^ 


f— aD»at  »acD*ta  ma  b*  ttmd  la  4«e  pwpa*  but  th«a  tb«  als*  aiA  tba  ooat 
of  tha  aaatobly  InorMBoa*  aa  a  raauli  of  ablab  tbay  eaa  aeoBoaiealljr  ba  uaaA  eal^ 


for  mall  puapa* 

Larga  aaouata  of  ourraat  auat  bo  aupfUod  to  4>«  simf9  (fna  oaa  to  aofwal 
tbouaand  anparoa)  at  X:v  rcitaga  {about  1  to  2  t)»  Suatlflara  aaA  hcaMpolar  goaa* 
ratora  ara  uaai  aa  pou«r  aouraaa  for  aunroata  wltb  aueb  poraaotaroa  Two  tjpaa  wf 
bcBopoiar  gaaaratora  «ro  aow  la  uaai  a  aubaargad^oosattator,  a  4iak*0CBHitatar«  Zb 
tba  flrat  of  tbeaa*  tba  anatura  la  fuUjr  aubBargad  ta  tba  liquid  aatali  la  tho 
aaooBdt  tba  anoatura  it  wattad  bp  tba  aatal  oalp  wbara  tba  aosutaters  ara  leaatad# 
ibsopolar  gaarratora  ara  iau4,u*aoturad  wbiab  goaarata  ourraat  up  to  lfl0»000  tap  vitfc 
aa  offtaleaop  of  609Ca 

Pieuro  145  ahawa  a  a'all  d«a  aoaduot  ;ioa  puap  171  1  roaulta  of  taata  os  it  aro 

Ctwaa  la  Plg« 

A  largo  d««  puap  witb  a  aapaaitp  of  a^/bour  aad  praoMua  of  laf$  atas 
aba.  lataadod  for  punpiag  Ka4C  ailop  to  a  Buatoar<raaator  apataia  tea  baaa  «aal«Mt 
aad  taatada  Tha  duet  of  tho  pop  oosaloto  of  0  ooalaal  stahraaa  taho  vtto  ts 
aaarago  aroaa«oottioa  dteaaalaa  of  3^  s  I9  M  aad  a  wall  tUitoaaa  of  Paid  a# 
lha  aa^at  polaa  aro  10»  aa  vUa  aad  360  m  toagt  tha  width  of  tho  ai^to  gap 
aarlot  floa  4a7  aa  ot  tho  lapat  to  3aS  v  at  %to  oatpota 

Tho  flold  wtolUg  oOMtota  cf  too  aoN»f  toroa  458  s  1S2  as  to  woto  owtlos 
aaasaatod  to  aartoa  with  too  haaharo  aa^lptog  aarraat  to  too  Ugiddaotolo 

Tho  daot  aad  aatoto  tf*  altoatod  toalf  0  a  woldad  atalalaaatotool  Jiahat  whtoh 
to  totoadad  to  rotato  toa  Itqald  iMilhV  to  aaao  toa  daat  walla  aN  daaafado 
Mtos.  iMoltolaa  of  too  doato  aad  too  olaotraMgaol  tera.  with  at  atrtofasl  aaaltog. 
to  aaai  to  toa  pm  i  Tha  paap  to  tad  hp  s  wattoioeolad  rootlflar  aapplpiag 
ipym  aap  at  1  00 


Jli7 
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Piif  l«f-  P^y.tMarw  Kuiuiuiit 
hUNDHNOro  HaCOCA  nc^«N‘ 

•oro  ton,  Hv/'iM^rxiifiro  u 
PM.  I4S 

Ttat  rwntlt*  for  th*  4<ii«  aMAttitlm  ff 
•bevs  U  ric*  145* 

rt«w««  U7  w«  U8  abew  aharaatiwtattM  of  %te  yin»  for  •  ItfoMoMtol 
t«iporotw«  of  ?S0*e* 

A  largar  pm9  vltb  o  babopeUr  cworoW»  4oo1cm4  to  Oftfmto  U  tio  pr^rj 
•o4t«  opatoB  or  •  roo«««,  lo  obcwo  to  rtf.  149  171  •  Ao  pM«  to  rotoi  fw 
o  UviU««Ul  flM  oMiotloc  *•  2W90  ■^Abw  ot  o  pporwro  boo«  of  50  ^*o 
It  OOOMMO  ISOOW  Mforoo  ot  to  o*  ito  orooo  oootloo  of  tbo  loot  for  trooifv 
or  tbo  ilootf  lotmo  tto  poloo  or  tte  oo^oto  mo  450  s  !.-»  m  otth  tfeo  loacl4 
of  tbo  «Mt  Ootot  loOTO  m  ood  ito  woUo  14  m  tMok*  A*  flov  roto  oT 
U  tA  teot  iM  10  ^/lioo*  Tho  teopolor  aoovotor  U  trtvoo  Ip  o  I^SD  W 
oAootrlo  ooOw* 


J.  mff^ 

P«f.  t4T  3l»tK«IMm  RpOMIMmi. 

Triww*Tw  ktn'ynynmm^ 

tim«  of  >i.sii*ioMw  50* 


fl4«  U7*  0«9«ad«Ae*  of  tko  eopooltj  of  •  A-o  eoid««tioA 

IVa^  6B  tU  IJMttftt  of  OUVTOOt  omAo 


•  * 


V4*  141*  etanoAwloUM  of  •  Ai^  omAmIIm 


mu5» 


■ 


1>>«  vunpa  «Mr«  auMMsfully  uMd  ie  fuap  •  Bstal  at  a  t«Bp«ratara  af 


A 

6CC  Ci  tt  by  Datural  eoavaatlon  of  tha  aurrcuBdlac  air  aiA 

raAlatlaa* 

a-c  eocdluetlcB  rwBB.  Aa  a«c  eoaductioa  pap  la  alallar  la  friaetplaa  ef 
parfoxsanca  aad  daal4(a  to  A*a  putp  dMeribad  aboTa*  1  prarraqulalta  for  opvatliB 
of  tha  puap  la  that  tha  eurraat  aaaarativa  tba  Bacaatlc  flax  ba  la  phaaa  vltk  tha 
eurraat  flealac  thraucb  tha  11^4  aatal*  Thla  acadltloa  la  aatiaflad  by  oeaaaa* 
tlag  tha  f  laid  wladlag  la  aerlaa  with  tha  piap  duet# 


tv  lat  »««>a 

n.<F-«tMnru  t>««  ,  inw- 

flCa  14f«  Utga  aaadaatta*  yiat  vltb  a  iNMfalar 


Cl)  •adlMi  toaali  (l>  aaivar  baabarai 
O)  ««Ua  niUi  vltb  mi»m$ 

(b)  alaatrla  aatari  (5)  aapat  aatat 


11ii«  piaip  does  sot  seed  et^srsow*  power  aippiloe*  k  power  tnaatoxMr* 
whose  BBGDetio  core  is  eoaneeted  late  theaegoetle  clreult  of  the  pap,  la  used  for 


this  puxpese* 

The  Battle  elrailta  of  the  tressfomer  oad  the  p«ap  ooa  ho  ooaoeetol 

bp  dlffsreat  •etbods*  Tour  possible  wops  are  sbowo  Is  Tlf*  IfO*  The  soot 

vldelp  used  puupe  ore  those  shows  is  Pica*  15^  *  ^0  h*  The  desljh  shows 

is  ric.  VSO  b  Is  elsple  to  produee  sad  is  seed  for  aasU  pwpe*  As  oherseterle* 

c 

ties  of  auoh  s  putpt  pusplac  aereupp  at  ^  •  IOC  C  are  diets  Is  Tide  15^  asd  is 
Tshlo  47e  The  puap  wai£he  39e5  •U  h»B  dlaaseloss  of  220  s  229  X  17*  sste 

k  dsaerai  slew  sad  the  eharaetarlatles  of  as  a-o  eosduotlas  pw#  for  aavisd 
allMiiae  setele  la  dl*s*  1*  TidS*  1S2  asd  153e 

It  la  edeltsble  to  see  «  sisdlawtura  fiald  wladisd  1*  aoadsotlM  HffpOe 
iBsesueh  as  the  dlaaaaloas  of  the  pusp  are  isereaaed  whos  there  are  asap  t«ss 
sal  the  pow«  faetor  dropoe  Is  wear  to  redsea  the  leaker  flsz  «f  the  wtadlaf- 
it  ahaald  he  sade  oe  naU  as  poealhle  sad  pissed  ae  eloea  ae  peeelhlo  to  the 
Ba«ietie  fape 


V 


■ 


IVc  I.Kl  V, 
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<  <r4*<%>r*Mit>Vi^  (>M»  •.  »•.  •  tt 


A««  Ma4u«ti«i  pm^  •oMMttwl  to  •  tnM 
{tfjm  «•  ••  M«  4>» 

(l}Oaer«|  (8)  irtury  vtftltHl  0)  mm 
vltoUci  U)  totoi  (5)  UfiiU  Mtoli 
(i)  Ml*  ftMM 


152*  O^MnX  vtw  9t  t  $cAim  M 


•MtttevM*  a*  ^  IM 


ti«*  US*  OteMtwitti*  tr  u» 


unc«^ 


u4  farfcsMBM  of  w 

CoBMotcA  witk  a  truafecBW 

t«SU47 

A>«  Naroury  Itai# 

Cbaraetwlati*  • 

NoBlaal  «f  tuk«,  w 

If 

Cr«M  ••etlM  of  4««i« 

B»iZ2| 

ThlekaoM  of  tfuot  m11*«  m 

OaSft 

&OM  aMtioo  of  priury  wimiog, 

Croro  eeottoa  of  coro  of  tho  priwrf 

44oS 

vladtsft 

2 

CJVv«a  aeotloa  of  •«e<iadtt7  otoflof^  m 

ni« 

Ka&laol  ptiatixf  nporotwtM 

4l.ee 

twnr  coB«uM«a  tar 

>49 

Pevu  f»«t«r 

3«5I 

Maaic-ui  srotAtfo  boa*  kt/mf 

lot 

Kosteuc  eo;Mtt/«  t?/imK 

fa 

MulKW  «fn*t«uvk  f 

i«s 

J 


( 


lb*  wCtiiiMKj  t€  ooatiMUM  iwps  <om  Mi  «ce««d  lO^JS  m  •  nasli 
of  cotMld«rabl«  poMT  Iomm,  !••••  it  la  Iomt  thaa  la  d-a  poapa  (ia  4Q|)» 

Oaa  cf  tba  aaia  aour««a  at  leMaa  la  daa  to  tha  faai  that  ia  ite  liquid  aoiai  f  lav* 
uUicb  la  oqulualaat  to  tho  abori«olrouliod  tun  at  a  tnaaronogr*  tba  aliaraailac 
aaebfitlo  fluid  ladttuoa  a  puraaliio  atf* 

da  tbcwa  bp  Blako  tj^^ubaa  aa  o*u  ooaduttloa  fuap  baa  larpo  dlaoaaloaa,!!# 
ofrieluaep  aad  pouor  faaior  oaa  bo  bioaebi  aloow  to  tteaa  of  aa  a<u  puap  bgr 
duelad  too  froquaaep  at  tba  auprlp  •izroatto  5  to  ^  dHo 

HfUe«a  Itiuftiaa  B»aB.  aa  laductloa  puap  wlta  a  baUeal  flaw  at  Ufuld  la 
alnllar  la  pzlualplo  of  oparatloa  aad  abaraoiarlatloa  to  aa  aapaabnaoaa  aatoro 
Iba  |ic^r;d  p«tal  flUa  iho  aaaulaz  ca>  botyooa  tuo  tbla^uUad  tuboa  aapandtd  by 
hallaal  parilUoaa  lato  tauerai  ubtaaala*  a  tkroo<tlMiao  auli*^olar  wladtaca 
aiallar  to  tbat  la  a  aotor  atator*  aurreuada  tba  owtar  plpo*  d  flzad  aara*  Mdt  at 
•boat  ataal«  *tA  uaad  ta  rrtjz  blocka  of  laductloa  aotora,  la  altuatad  la  tba  laaldo 
bibot  a  dlaipM  of  tba  pool  ta  abeua  la  9t%a 


I  f 


uiK»**iK*ro  i«Mvri». 


Il4«  154*  of  •  Uliool  iateottoo  |W* 

(DKu^UWbuo  tftodlHI  (2)  lotol 

U)UviUMteX|  (5)a««l 
(&)  ffUtot  (T)  ooM^  rUf* 

4  ttr— t^oM  vUAtac  MTOM  %t  ortoto  o  toUtUc  ttoU*  «Uo4 

U4«m««  Ok  la  tto  lt«aU  aai  vUo  «a  mrroata  U  tho  U«aU  alBllar  «• 
tto  oarroato  toiaratoi  »4o  laior  of  aa  Maaol^aa  attar*  tW  Utr^Uaa  latataa 
taa  tloU  aai  taa  aairtala  U  tit  It«aU  farttt  tit  lattar  It  ratata  tiaaBi  tia 
latUt  «*1N  Mi*  tiaaka  ta  tit  ItUaal  sarutlaaa*  ta  flaa  aHally*  OiMar  riata* 
tltaiaB  tat  aartaat  tlrtait*  art  taliti  ta  tka  Utlit  aaU  ti  tat  iaH  at  tit 
taut  Ml  oatUt*  ■altaai  Uaali  aaUaatara  ti>U  tat*  tait  off  taa  aiMlar 
trfttgtj  flwM  ttlUouaa  art  taaaattai  vita  tit  tatttaa  aai  »riaaari  aatlata  «t 
«at  aaaa*  raa»attt«alr* 

atata  Mlj.MftMl  Uttar  artat  ta  tat  wUa  oT  tat  tMat  ftMtag  tat  aaaalar 
la^  Uat.  taa  taiMaatt  af  tattt  wUa  ttaali  It  ataua*  Ykt  ttaitag  aT  tla 


•tatcr  located  directly  at  the  outer  well  of  the  duct  ie  iroteeted  froe  oeerheetinc 
h]r  a  X«gr«i'  of  tharBaX  iueuXatioa  as  veil  aa  b/  forced  elr  cooXlasa  The  operetlag 
eoudltione  for  wlitdln,^  InauXation  oaa  also  be  ecBplicated  by  the  effect  of  redle« 
activity*  It  la  poeslbXe  that  the  problen  of  proteetlo^  iseulatloa  froe  the 
effect  of  heat  aa  weXX  ae  radlatlcua  eay  be  solTcd  by  nelag  eeraale  laeuletlaf 
aatarleXe* 

It  la  edvlaabXa  to  uae  heXloaX  puape  at  reXetlTely  hl^  llthld  heede  (aee 
Table  l|jj*  ae  veil  ae  when  the  atrueture  zmet  be  ee  ocBjeat  es  pocelbXe*  The 
high  prccLure  drop  la  the  yunp  le  achieved  by  aelectiag  a  eaeja  plteh  eacla  far 
the  haXlcaX  bofflee  eo  that  the  pesj^ed  liquid  will  be  affected  by  each  of  the 
poXee  oaay  tlsca* 

Sodlua  pu:cpe  of  thla  type  hfxrt  been  eonetructed  for  e  reted  head  of  hp  te 

7a5  Its/ao^e 

figure  155  *Ad  156  ehoH  the  eheraeterlattee  of  one  of  theee  helleoi  uduetleh 

e  8 

puupe  havlag  a  eodltn-puaplag  capacity  of  $0  •‘'/hour  et  e  heed  of  laS  k|/*t  e 

The  punp  valgha  ebeut  TOO  kg  and  requlree  about  30  of  elr  por  elaeto  for  eoel* 
lege 

flat  end  eniniler  Xlncur  loduetlcn  punpoe  Zn  principle*  the  eetlee  of  e 
flat  linear  Induction  pt-ap  la  alellar  to  that  of  the  helleal  piaipi  hewemc  It 
dlffera  cubatentlelly  free  the  helleel  puep  la  deol^  aid  ehereeterietieea 

During  the  opcxetlos  of  tho  puep*  the  liquid  aetel  fleue  fth  e  thte  uilled 
duet  of  rectengukr  eroaa  aeetioa*  Ze  hlgh«eepoetty  puapo*  tho  duet  U  fWMd  hf 
a  nueber  of  pnrellel  flat  tubee  eoaMeted  et  tee  Inlet  ead  the  outlet  ef  the 
punp  by  eoenoh  flttlnge*  Polypheae*  eultlvvoler  eurreet  vladUte  ere  alteeted  •• 
both  aides  of  the  dueta  ereetlng  e  alldiac  Mgietlo  field*  Thie  field  tedeeee 
tsuiTeeta  In  the  liquid  ead  seueee  the  liquid  to  he  dlapteeed  eleeg  the  deeto 

Xt  hea  been  eotahUehed  thet  a  leei:tV<te>«tdtlk  retie  for  the  eeetleee 


tomlag  thm  duett  25  i  1  l*  the  soet  jetlfftetorjr  from  the  ettadpoiLt  ot  obtelaa 
lug  aeeeptable  af f lef  onej  end  e  cm  O  with  60«yol«  eurreat* 

I 

the  puap  wlndiag  la  altuatad  oa  a  aaiallie  oora*  with  a  layv  cf  laaulatlag 
iiatarlal  batwaaa  the  duet  aad  tha  -ara*  Alr-j*  provlaloaa  auat  ba  aada  to 
Mspeaaata  for  tba  dlffaraaaa  la  tbaiaal  azpoaaleaa  of  tha  duet  aad  tha  oxtaraal 
oDualag  of  tbo  puip*  Tba  housing  la  air  or  water  aoalad  ta  aaiataia  tha  wiadiag 
at  the  required  taaparatura* 


t*a«  i\  Atf  tattm*  maa 
t»j  4  H4 


si 


Pt  ti$  H  M  CAK^UMM 
Mitnsmtn 


V5S  Charae.v^rtaUeo 

of  a  Isliaal  iadvetiaa 
pwg  tcaratlBg  oa  aadiaae 


71«.  atf  of  a  haUaaX  iaduatlaa 
rwap  oparatUg  oa  aadlaa 
aa  a  fuaatloa  aC  aCtl« 
aiaaap* 


J 


or  tte 


^*«o  157*  CoolfK  of  0  llMor  iBTttittM  ■oMm 
mImtIm  *§tmmXr  (0*  U5 

(1)  &io«  hMt  Mpouton  taapi«M«or|  (a>  ilMtarfo 
of  oocUag  ltg«t4|  (J)  kootigg 
(5)  UMhilw  (i>  taiMtar 
(7)  la*i««w  MpiHto  otVMlt. 


J 


f 


fig*  lj8«  ChAneiwlatlM  of  »  Itaoor  Uduotlea  MAtw  P<n»o 

fit*  157  ttewt  tho  AtolcB  of  000  M«ti  pmp  (for  tho  outeorlM  *8ooo»tf*)» 
«a4  rj^i*  ISB  oad  159  oterootortoUeo  of  •  UomT  vuMo 


t*iH  tVl.  »  4  I  «»9  MfoaiMta^iilr.tMMCVV 


f^C*  15f«  PogoolooM  of  offUl'otjr  oo  floolort*  for  o  llooor 
aofuttloo  ooOtai  povo 


KCL^ 


i 


Zt  la  advlaattla  to  uaa  thla  «7pa  of  iaduetioa  puap  la  tha  avast  s  radaatles 


Is  tha  povar  eoassaed  is  piaplac  and  tha  dlaaaaloaa  of  tha  pusp  ara  tha  aklaf 
eoasldaratloB**  Tha  affltlanop  of  largar  piatpa  raaehad  49^  at  oaa<p  >  0*42a 
Savaral  typaa  and  aiz«a  of  flat  liaaar  piaipa  Itava  baw  tra-ttad  Is  datall  asd  aoM 
of  tbas  parfowad  ovar  louf  parloda  of  tlaa  at  llfuld^ataX  taaparatarba  of 
40'^-450®c 


IV.  t*a'  l>|»^ 

u«<  ;v  «  ta  CHiVl 


visa  1(0*  Oastfal  vlaa  of  a  liaaar  ladualtas  tmf  vltk 
oasaUr  asp  (tha  hosalat  has  baas  r«Bovad)a 


1*’  ' 


v*^ 


J 


6  “ 

I*.  AhoTu 

Nofo  l^nr  |«]4t 


Tigt  lil.  C^'ieetorlattca  vf  tb*  lln**r  juap  «ltk 
aa  rrjiultr  C’t‘  fii*  1(0* 


TABU  41 


Tesi-".ie*.\  t.>t»  ca  Ui»-  r 

Itduatlcc 

M  ?rc- 

frSt.lBI!AlC 

CbvaatartatlA 

4 

_ 14 _ 

10 

_  15 

20 

UquU  b«ti»f  puipai 

Hk 

N*^ 

lit 

Caiiealtjr*  aHour 

40.7 

XOO 

led 

87D 

t« 

2 

Br«Mur«(  kt/«i 

1«> 

ia 

A«V 

*•43 

>4 

TbUI  XMctfc  (iMlaBtH 
%U  AUfM*),  m 

5io 

UBO 

43tO 

- 

>  oeo 

2  tIO 

Itotal  tolfM*  M 

450 

345 

5M 

- 

tao 

il* 

445  It*  <- 


I  1  M» 


'9<l, 


0««r>«U  «14tt» 


15* 


IkBU  4S  eoBtlBn«4 


fmP  BUBbW 

Char«etarlBtle 

U 

i 

10 

10  U 

20 

DlHttw  of  tko  outlot 
•portur*  of  dlffuaor,  n 

25 

51 

lOB 

-  «2 

219 

kt 

3« 

6800 

—  12500 

16  000 

I 
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Tl'  ‘ 
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Lat«l7t«ueh  •ttmtloa  la  baiag  (Ivaa  to  annular-cap  liaaar  induetlca  pm^a 
for  BOTlac  liquid  sotal*  Civlac  tha  walla  of  tho  duot  a  a/lladrical  atepa  aaaa* 
what  laeraaaaa  pimp  afflelaaej  <unparad  with  flat«<typa  potpa  by  cutttac  adca 
loaaea  la  taa  c«P  a^  aakaa  It  poaalbla  te  um  d-iot  walla  whleh  ara  qulta  tl^a« 
altiu^ucb  posaaaalag  adaquata  straactba 


J'4 


J 


A  gMeral  Ti«w  ct  «a  aaimlvsap  ItMur  pmp  ud  lt«  ebwMtwlXlea  (ftor  • 
iodlua>potaa8lu«  alloy)  ara  glvaa  la  ?lga»  liO  and  l6l  • 


37*  Heat  Sxehaa&ara  and  Steta  Canaratora  OtaratlM  oa  Sodlwa  and  a 

SodluB-Pptaaalua  Alley 

Liquid  aatala  poacaaalag  farorabla  haat«traaafar  and  auelaar  prepartlaai  a 
higb  boillBg  polatta''!  atabllltj  at  higit  ttegtaraturaa  ara  proadalag  haat'traaafar 
aadla  for  auolaar-raactor  eoollag  ayatna*  Liquid  aatala  ara  tha  only  peaaiUa 
cool ant a  for  faat  raaetora* 

Uaiikg  liquid  aatala  aa  haat-aichaa^a  aadia  pamita  oparatloa  at  a  hlgk  ta»‘ 
yaratura  without  coaaidarabla  preai.utoa,whicA  aakaa  it  poaalbla  to  ettala  a  rala* 
titaly  higlt  afftciaocy  for  tha  rl«i<  alth  xalatiTtly  alapla  aad  iaaspaaatva  haat* 
aaehaaga  aqulpaaet* 

i:«at  aithasgara  fu&ctlc&iag  oa  llthiut*  load*  cr  Uad*htaauth  alleya  hava  aot 
aa  yat  raeaitad  aitaaataa  appllaatioa  aad  hava  hoaa  uaad  aoatly  U  Mall  a9trl* 
aaatal  plaata*  Ceaaidtrahla  aiparlaaaa  haa  haaa  gaiaad  la  daaloita(«  Maafattwlifa 
aad  oparatiag  a^ariaaatal  aad  aaai>lBdaatrlal  haat  oaahaagara  eparotlag  oa  aodlM 
aad  aodl»petaaatM  alloyo*  Thaaa  aatala  ha«a  high  thaiaal  eoadoettatty*  a  Im 
aaltlag  pelat*  a  high  boiliag  polat*  aad  good  thaiaal  atahlllty*  Ra  aad  RM  alley 
alaa  hate  lee  aometea  aattvity  ehea  laperttiae  hate  haaa  raaetedi  lewarhaa* 
ahraaa*  aad  ahraai  atahel  atataleea  ataela*  aUhal*  taaaea) »  aad  alfteataa  ate 
eerreetaa  raatataat  la  theaa  aadla  aad  U  tha  eaekti^  taagaratafi  raoRa*  Vaay 
little  peeer  te  Beaded  te  pMg  thaee  aatala  dee  w  their  lee  epaalfU  Rraeity  aad 
lev  eleaeelty  (ahout  aa  aeih*  far  Uetaaaa*  ae  aaadad  tar  PMRltR  eater)*  Dae  te 
lev  alaatrla  reelataaaa*  aedtai  aad  Re-t  alleye  aM  he  oviaaeefhlly  clftalalad  la 
ayetaaa  hy  alattraaagMtla  peapa*  ehlah  aparata  vlth  thaee  aatala  at  reletitalp 
high  etfleieaaiee* 


Tb«  dltsdTMitag*  ot  Ka  aad  ]l*>X  allofs  la  thalr  ralatlTaly  lov  keat  eapaclt/* 
aa  a  raault  of  which  It  takaa  a  graatar  flow  of  Mtal  than  of  watar  to  roBora  haat 
foi*  Idaotical  t*s)paratura  dropa* 

Sawaral  apaelfle  raqalresaata  ahould  alae  ba  eoaaldai'^  wkaa  daalgalag  haat 
ascbasgara  uid  ataaa  geaaratora  oparatlag  oa  aodlM  aad  lla>K  allepai 

1*  yoitstalnicg  cQgpleta  elr-tlghtacaa  of  tha  dawlea*  Ika  poaalktlltp  of 
laalcaga  of  tha  liquid  octal <  which  la  coactloca  radloaetiva*  aa  wall  aa  Ita  ttm^ 
bisatloQ  with  water  or  tha  air  ahould  ba  pracludad*  tka  raactleo  of  alkali 
Bctala  with  water  la  aecoapcalad  bp  llbaratloa  of  gaaooua  hpdrotaa  aod  a  largo 
aaouat  of  heat  aad  can  lead  to  braakdowo  of  tha  plaot*  Oa  cooblBlag  with  tha  atra 
tha  >001108  eatal  la  raodllp  combuatlblai  thla  praaaata  a  daagar  to  aarvlao  por> 
aoaoal*  rurtbaroorci  aclaatlata  hawa  aatabllahad  that  thara  la  a  aharp  rlao  it 
tha  eorroalao  aetlaltp  of  alkali  aatala  whaa  thap  ara  eoBteadaattd  with  o^gat 
aad  poorlp  colubla  osldaa  fora* 

lhaaa  osldaa  ara  alao  daagaroua  with  raapact  to  cleggiDg  of  plpli«»  oapaoiallp 
with  raspaot  to  tha  cold  aoatort* 

la  now  of  tka  high  oparatlBf  raltabllttp  raqulrataata*  daalgpa  with  t«a 
w^rklag  fluid  alraulta*  aaparotod  bp  a  third  liquid^  at  latarlapor  -•aet  raaatUg 
with  tha  worklag  flulda*  hara  rtcalwad  accaptaact*  Tha  latroduciloa  of  at  latar* 
lapar  abarplp  iaaroaaaa  tha  oaor«all  thoiMl  rMiataaca  to  loot  tratafar  It  tho 
afparatua*  Zi  tha  latartodlarp  haat  Nthaagora  laatallad  hatwoat  tha  Maloor 
raoator  aad  tha  atoat  gatarotor*  aodlti  la  uaad  a«  tha  third  llguldi  la  aafor 
gatarototoa  tho  lapar  hatwaat  tha  liquid  aatal  atd  tho  ataat>ootar  alrault  It 
utuallp  taraary*  Tha  appaaraaca  af  a  look  U  eaa  of  tha  alraulta  la  attahllahad 
hp  uarlatltaa  U  tho  praaaara  of  tho  latarlapur*  It  alow  of  uhlah  aoaataat  tatltur* 
lag  of  tha  ptotaaio  la  tha  worklag  ahirthar  af  tha  latarlapar  la  aad  up* 

2u  ardar  tu  uaka  tha  atraatura  aatratalp  laakptuof*  all  >ltl«  ahould  hu 
woidod.  Ualudlui  tho  aooaoatlota  of  tuhoa  to  toho*ahoat  >.  la  atdltlaa  ta  tha 


attadard  ■•thoda  far  akaektac  waldad  aaaa*  s-rtj  aad  gaHu*ray  aaalyaMt  kMk 
taata  vlth  a  hallua  laak  dataetor  aad  auaaraoale  dafactaaeopy  ar*  vaad  to  ekaak 
walda* 

3.  y-aUUUtBg  a  blgk  dagaa  of  cla-allaaaa  la  tha  arataa.  All  aha  iatanal 
aurfaoaa  of  tha  haa\  auhangar  akoald  ha  thoroughly  alanaaad  of  dirt  aad  i^oaaoa 
for  «hl«h  purpoaa  tha  aaaamblad  daaleo  la  dagreaaad  (by  dlahlerothoao  or  acaM 
othar  graaaa  aolaaat),  floahadt  drlad*  asd  fUlod  uith  aa  laart  gaa  (argea»  altro* 
30a.  or  hallua).  Tho  natal  ahould  ha  drolaad  eoaplataly  aad  It  ahould  bo  lapea* 
■Ihlo  for  £&a  poekata  to  fora  vhaa  tho  hoot  oaehragar  la  bolag  flllod*  Malatalaiag 
clt^^llaaaa  of  tha  haat  azeheagar  during  oparatlea  la  aeklaaad  by  aothoda  uhiah 
ara  (o:.^a  for  tha  aatlra  ayataa* 

3*  <L0dl»'T,tlra«lt  of  tha  haat  aaahajwar.  lb 

ordar  to  avoid  tho  daagara  aoaacetad  with  clogglag  of  tho  duatti  tho  hoot  oaabutor 
aheuld  ha  uair:r)oly  haatal  to  0  tacparotura  «naadli«  9^  prior  to  tho  otort  of 
alrculatioB*  for  thla  purvoao  tho  haot  oaahaagoro  oro  provldod  ultb  dlffaroit 
typaa  of  alactrU  or  ataaa^haotlag  oyotaM* 

Xa  datlgnlBg  hart  oaiaaagaro  opaalal  ottaatloa  ahould  ho  paid  to  ooapoaaotloa 


fat  tharaal  o^oMlOba 


SoM  Isgportut  eojelMloM  rclattac  to  •trrlcMMlltjr  of  atnwtwM  vador  toa* 


dltloaa  of  thomol  atrats  w«r«  Mevoulatad  ia  oparatla^  h«at  tachaacara* 

la  tha  araat  tha  ataa  aad  aodlss  elrcalti  of  a  ataaa  gaaarator  aro  aot  aaipo> 
ratad  fton  aaeh  othar  bj  walla  f  Iliad  wltk  a  third  li^mld.lt  la  daalraUa  to  havo 
tha  llfold  Mtal  oireult  aapabla  of  wltbatoadlac  tho  oarlM  jraaawa  »f  tha  atoaa 
atrcalt.  In  ord«r  to  avoid  a  aharp  rlaa  la  praaaara,  tha  aodliai  elrevlt  ahoold  ho 
piovldad  with  a  aafatp  valva  of  larfa  eiosa  aaatica*  k  proaauro  rltt  la  tho  ajataa 
whta  watar  paaatrataa  into  it  caa  ha  aaacBkpaalod  hf  sharp  loaal  taaparatnrt  rlato* 
Becee  It  la  Icportaat  ta  a^ulp  tha  iuatallattoa  with  aatoaatla  davtcaa  whlah  toaXd 
cat  off  tha  heat  axchaafar  freo  tha  raot  of  tho  apatsB  ta  aa  asardsaap  aad  thtcklp 
latamipt  tha  aupplp  of  watar  to  tha  apataa* 

k  deaerlptica  of  eartala  datlcaa  of  hoot  oaahaacara  aad  atoca  ••aoratoroa  la 
whlah  aedlMi  aad  Ka-X  allop  oat  aa  haat  traaafar  aadiot  la  tlvaa  holov* 

M»-»t  Pi4*  lit  ahawa  a  eottatar»aaiTaat«  olactla-paao*  taha»aa4»BhaU 

haat  aaehaastr  la  iddah  tha  haat  la  traaaalttad  traa  tha  aodlw  aaollht  tha  roaator 
ta  a  r«*X  allap*  Tha  daahla  ceceMtrla<>ttiha  aod  tha  do«Ua*tiho  ahaat  apatoi  la 
aaad  la  the  haat  aachaae«f  •  Mlaa  flowa  thraoch  tha  laaar  tahoa*  tha  aaaMlap  tap 
hetwaaa  tha  tahaa  la  fUltd  alth  aatlaalaaa  aadliB  (tha  latarlapar)*  whtla  aa  M*! 
ollop  aircalataa  la  tha  apoaa  hatwaaa  tha  tahaa*  Thara  aro  ao  hafflao  la  tha  apaaa 
hatwoaa  tha  tahaa.  Tha  laaar  tahaa  aro  dtffaalaa  haadad  ta  tha  aatar  taha  ahaatae 
aaa  of  whlah  la  dlraatlp  waldad  ta  tha  ahall  af  tha  haad  iwhaaaar  aad  tha  athar  la 
waidad  ta  tha  ahall  thra^  a  hallaaa  aaapaaaatar*  Tha  aadtr  Mhaa  ata  dlffaalaa 
haaiad  U  tha  laaar  t«ha  ahaata*  at  aaa  af  ahlah  a  hoUaaa  t>— al»ai»aaalaa  km- 
paaaalar  la  alaa  altaadads 

Tha  ha-t  allap  flaca  lata  tha  haat  aaahacgar  thaooih  aU  aaaaaHlag  fdpaa 
alttaiad  at  ita  •aold*  aad  aad  flawa  a«t  thmgh  ala  aaaaaatlag  pipaa  aa  tha 
ajpaalto  alda.  Tha  haa«  l■^aa^lr  taaalala  af  twa  aaallaaa  thlah  aaa  ha  laaaartad 
ta  tha  apataa  u  forailal  ar  la  aarlaa*  daa  af  tha  aa*tiaaa  aah  ha  aaiiilalalf 

/'*/ 


J 


dleeoim*rt«d  to  Isrootlgoto  tto  offoet  of  docroofloc  tho  total  boat-rMoval  arta* 
In  ordar  to  atudj  tha  affaot  of  tha  poaltloa  of  tka  darlaa  on  ita  eparatloai  oaa 


of  tba  aactlona  v«a  arranead  fartlaally  and  tka  otkar  koriaontallj* 

Altogatbar.  72  douMa  tukaa  12^0.85  a*  and  l8/l*0  an  in  dlaaatar  aara  In*  ^ 
atallad  la  tha  kaat  axcMancar*  Ika  kaat-tranafar  ajraa*  calcolatai  fraai  tka  axtaraal 
dlr-jtar  of  tka  outar  tubaa,  sasa  to  3.73  a  for  aack  aaotloa  or  7*4*  ■  tw  tka 
kaat  azekaE4ar  an  a  akola* 

Grada  L  nlakal  (99.tf  Ni.  O.IX  Cu,  O.15X  Fa.  0.2X  Mn.  O.03S  SI.  aad  a  na»l— 
of  0.C2X  C)  vhlek  kaa  a  klgk  tkar-  al  coadueilaltF  vaa  aalactad  an  tka  tuba  natarlnl* 
All  tha  ra::ialBlns  ecc^oanta  of  tha  kaat  axekansar  aara  mada  of  %jp%  347  atatnloM 
ataal. 

Iba  aodlv3  floa  tkrou^k  tka  kaat  axckanear  asonntod  to  44.2  tana/knnr  aa4  of 
tka  Ka«X  alloj  to  47*0  toWkour.  tka  aodlun  taoparatura  at  tka  Inlat  ana  540*6 
aad  of  tka  tVX  allop  at  tka  outlet  Given  tkaaa  flov  ratoa.  tka  oaar*aU 

ceatiieleat  of  kaat  tranafar  asounto  to  4.M0  keal/a^  *  kour  ^  an*  tka  kaat  ra* 
u«al  to  930.000  keal/keur. 

Tka  advaotaco  of  tka  daaUa  dlacuaaad  cenalata  U  tka  rolatloalF  U«  kFdronllo 
raoiatanao  of  tko  boat  aMhaafor  akall* 

Tka  dlaadvantaso  of  tko  daalsn  la  tka  taaetoaalklUtx  tor  VnapaatUa  aa4 
■alatoaoMo  of  tho  Uaor  toko  akoota  aa  vail  aa  tka  toaoHarakla  tkawal  raalatiaaa 
of  tka  «aokla-t«ka  axatoB* 

Fisa.  143  aad  144  akaa  a  oonatorfomat.  aUclfFaaa,  aadt»>«  MoHt  •«allir 
boat  oathaasar  «ltk  flat  Uakapad  takaa.  Tka  kaat  aaakaatir  la  Utaaiad  ta  aaraa 
tka  tm  »ar»aaa  aa  tka  praaadliv  aaa  aad  ta  daal«aad  ta  aparata  vttk  tka  aaM 
kaat.aaakaata  aadlaa  laraattara# 

tka  aadiaa  aad  Na.K  alUf  flao  alai«  dlffaraat  ata«arad  tiAa  kaaba.  aatarlat 
at  tka  fvaat  af  tka  kaat  laaMHf  «•*  flavtat  awl  af  tka  atda.  Tka  apaca  katvoaa 
tka  takaa  la  flllad  vltk  a  aadlw  latarUpar.  Tka  wtitinatlaa  af  kaaa  takaa  mIm 


'i- 


^"7 


it  poMlU*  to  d*  wltkoat  tyMlal  tWiwl  tcf 

CoBtlBUoua  Ufc«a,  cylindrlcaj^  1*  ahap*  at  tha  polat  akara  tba/  ara  eaaaaataA 
to  tba  toba  abaatat  ara  uaad  la  tbf  atraetara*  Rat  tubaa  vara  obtalna4  br  ablaf* 
ling  tnbaa  19/0*9  aa  la  dlautar  to  dlaaaaloaa  of  96  a  4  bb*  Sucb  dlaaaalOBa  far 
tbo  toba  eroaa  aaetloa  wara  aatabllabad  aa  balB(  tba  aoat  taaerabla  fMa  tba  ataai* 
polat  of  obtalalBx  tba  graataat  baat^traaafar  araa  «bllo  praaarvlB(  aa  aecaptahXa 
bjdr anile  raalataaea* 


ru*  9a4l«^«  »•!  »Bllav  baa*  aB»baa»ar  atU  Aal 
i-aba»il  tabaae 

4  latal  ar  110  tabta  aara  laatallad  la  tba  boat  aabaagari  11^41  aUoo  Aaoa 
lb  di  or  tUB  aai  oadlBi  u  tb*  tba  aMaoUoa  baatMBibaaeo  araa*  aaltakaM  IHB 
tbo  astanal  araa  ar  tba  tabaa*  — aati  ta  5*35  a^*  tba  baal*«toaarBr  oaamalaM 
iBr  tatad  fatatiH  aoadttlaaa  U  9*130  boal/b^  *  boar  Or*  aai  tbo  bai*  iMooal 
la  ataai  la  brai/baaro 


■  * 


Thfi  bajiV  ezcbsa^ar  is  s].i>veldedt  tbs  grads  L  aiekel  tabes  vsr«  dlffosloa* 
bcs..  1  into  tbs  tubs  sbest'  la  a  prot^tlTs  atmcaphsrs  of  haiina* 

Tbs  ttuici'.taie  of  this  ('-'iign  ..lota  In  rsletlTsly  lev  hydrsulie  raslstaneo 
for  bctb  beat  ..;ecoSra.  high  OTar*Mll  haat>transfsr  eosffleianti  aad  aceasslblllty 
of  tbs  tubs  sbssts  for  salataasnea* 

i.  dlHtidTeatags  cf  tbs  dsalgn  is  tbs  largs  also  of  tbs  hast  tzcbaagsr  and  tbs 
high  omnufacturlng  coats  •  Ibinufsoturlsg  costa  eta  bs  reducsd  eonsldsrablj  t/f 
srplo^lng  round  tub-ssa  but  thsn  tbs  dlsst  slons  Inerstss  eonsldarably  tad  tbs  hast* 
irtu'.jrcr  coeiiicisnt  drops* 

fig*  163  ebovs  a  count er>curr cut  alA3ls-p8at  Na>S  alloy  sodlua  hsat  sxebtngsr  'X' 
cf  the  tubo-acd'shsll  type  vltb  no  Intsnicdlets  nedius  (Intsrlaysr)*  Tbs  bsatia( 
ccdlvLS  is  an  Ne*K  alloy*  vbieb  flows  dovcvnrd  Inalds  25  tubss  9*5/0*^ 
setor.  .'^odiu.s  flows  insids  tbs  shell  la  tbs  spaes  bstvesa  tbs  tubas*  Tbs  tubas 
ar  BO  arrf  .;sd  in  tbs  bank  that  tbs  esntara  cf  'te  elreur.fsrtncss  formsd  by  tbsljr 
crosa  sections  ora  situated  at  tbs  rortless  of  s^ullatarsl  trltnglss  wtoss  stdss 
are  each  1^  bb  loa|* 


ri«*  164*  Sspsratles  of  a  bask  of  flat  tubas  af  *ha  baol 
anbsagar  thovs  ts  ftc*  li3» 


T^e  lo\4r  tub*  ibaut  la  eonaactad  to  tiM  sball  throucb  a  ballon*  wapaaaotor* 
Tha  ‘slloj  dlaehare*  PlP*  1*  eoimaetad  with  tba  aball  bx  a  pretaetlao  w*tria% 
volob  tnraTenta  aeeapa  of  aodluo  Into  tb*  ataoapbara  If  tha  ballowa  tMpanaotor  1* 
daauged*  In  ordar  to  aaeura  tha  required  rigidity  of  th*  atmoturat  tha  hoot 
exchasgif  iP  e^ulppad  with  fovr  bafflaa  nhlch  aupport  th*  tuba  boadla*  The  bofflog 
az*  aegAAUta  Joined  by  tno  tla  roda*  Thar*  1*  a  elaarane*  ol  0*4  ■*  batnaao  th* 
tuba*  and  th*  opanlag*  In  th*  bafflaa*  nhleh  la  anongh  to  parrlt  tha  ap«ao  batnoa* 
tb*  tubea  to  b*  ccneldarad  a*  haring  no  bafflaa  whan  ealeulatlon*  ar*  aado*  Th* 
tub**  ar*  rolled  la  th*  tub*  ahaata  and  waldad  la  an  ln*rt  gaa  ataoaphara*  Silt* 
•bla  drain  and  rent  plpaa  ar*  prorldad  In  th*  boat  axehaagar  to  aaeura  eonvlata 
•vaccstloB  of  e«8  In  cUrglng  and  eoieplat*  drataag*  of  natal  after  oparatlon*  Th* 
beat  ezchugar  la  sada  of  type  3l(  atalnlaa*  ataal*  Xt  la  rated  for  tha  fellowlBg 


datai 

total  ha*t  raaoTal,  keal/honr  . . . . 9ViOOO 

XffoetlT*  haatlhg  araa*  ai^  . . . . .  1*45 

Arorag*  tamparatur*  diffaraoe*  batwaan  haat  aathugar**  *C  Ifi 
Na^K  allay  roluna*  ap  0*014t 

Sedlm  voliM,  w?  . .  0*0099 


He*  1<5*  A  V^K  — •»«V  Ami  »«l 

HrttttM*  la  ttt  •kail* 


FIs.  9boM  •  0*11  couatM>ewcTMt>i}7*  htst  •sshu.’tar* 

Itn  daerlgo  In  tha  ahall  Ium  naithar  latenial  baffla*  nor  thamal-avaBaiaB 

c«ap«iuatora.  Cyliiadrleal  li^uid-aMtal  flow  dlatritatort  vara  loatallad  at  tha 
eonsactiOB  Jolata* 


Fl(*  SsalX  alkali  •aatal  tttka>aad-ahaU  kaat  aKkaasar# 


Fit*  X47*  aaaU  aUala  Mtal  ta>a»aa4«a>aH  kaat 
«1U  kamaa  taalla  tta  akalW 


A  tuba  uith  aa  axtaraal  dlnatar  of  S64  a  aarraa  aa  tbt 

aballi  tha  Batarial  of  tho  aevea  tubaa  of  tha  baat  axcbangar,  £/0*9  dlaMtar*  la 
alao  304  ataal* 

Tbt  baat  axcbus^ar  baa  a  baat-tranafar  coafflclant  on  tha  ordar  of  10,000 
)ceal/ia^  '  hour  for  an  oaar-all  baat  flov  of  keal/bour*  It  baa  a  rala> 

tiral/  lot  b/d-tnlle  raalata.nea  in  tha  apaea  batwaan  tba  tubaa* 

flj.  lb?  alao  ahcwa  a  aaall  tuba*and*aball  baat  axebangar  of  tba  eouator* 
rttrrant  typ«>  Tta  daalga  la  almllar  to  that  dlaeuaaad  abora,  wltb  tba  oxaaptloa 
of  tba  bafflaa  inaldn  tba  aball*  Tba  bait  exeboiifar  la  cada  of  atalnlaaa  ataal* 
Tba  beat^truiafar  coafflclant  la  12,000  koal/s^  *  bovir  for  a  total  baat 
rciiTal  of  ^  kcal/aow* 

Tba  baat  azcbon^cr  la  cbcractcrltad  bj  a  blgb  baat^tranafar  coafflalaat  la 
tha  ap««a  batwaaa  tba  tubaa* 


71«*  laS*  Taaoaratura  dUtribatloo  aloac  tba  baatUt  araa  U 
aadlw  tad  aadlvoataaala  allajr  ataaa  #•*•*•*•*• 
vltb  a  tbanMl  aapaalty  af  1,000  few*  (a)  UfarlMri 
(b)  Otaai  auparbaatufa 


V' 


St  eta  G«n«ratort»  T'l*  dMlga  ptculltritiM  o/  sttM  gMtratera  'jalag  alkali 
oatala  at  a  baatlsg  asdltis  wa  gotraraad*  asatlj*  by  tha  high  oparatlof  taaparatura 
of  tha  haat'tranafar  aedla  aal  tha  naad  to  proTant  contact  hatnaaa  tha  aoltaa  aatal 
and  vatar  or  ataaa* 

Tha  loa  tharaal  capacity  of  aodlua  ana  Na-X  alloya  cauaaa  high  taaparatura 
dropa  In  tha  haat  axehangara*  Tha  dlffaraneaa  la  tha  taaparataraa  of  tha  natar 
(atata)  and  tha  llijuld  catal  art  uaually  alee  vary  hlgh.aa  can  ho  aaaat  for  oxMplht 
froa  Flgt  l68a  and  h  vhlch  ahoa  tha  dlatrlhatlon  of  tsaparaturaa  of  haat«traaafar 
ccdlt  along  tha  haat«eacheiiga  aurfaca  In  Na  and  Na»X  ataan  ganaratort  with  a  thamal 
capacity  of  ItOOO  k«* 

An  a  result •  tha  aalactlon  of  atructural  natarlala  and  tho  prohlan  of  thaxaal 
atraaa  In  ataaa-ganarator  alc'anta  acqulraa  prlnary  Inportaaca*  A  aarlona  prohlM 
Itt  for  axiuliplat  tha  coapansatlon  of  tho  a^analon  couaad  by  thodlffarant  oloago* 
tlona  of  tha  tuhaa  and  tha  ahall  of  tha  ataia  gaaorator* 

Tigt  1&$  thova  a  ata*a  gaaarator  with  a  capaoliy  of  J  toaaAoar  at  a  praaaara 
3^*7  gaga  atMs  and  a  tatttratad<ataaa  tasparatora  of  260^  vlth  aatural  alroa* 
latloa  la  tha  ataea*vttar  atraalt.  Tha  ataaa  gaaarator  coaoltta  of  tvo  ovaporatoroa 
a  ataan  auporbaatsr«  and  a  dna*  No*X  alloy  la  aaad  aa  a  haatUg  ■adtuai  1%  aatoro 
tha  ataaa  auparhaatar  at  a  tasparatura  of  49a^  and  praaaara  of  3>4  gaga  ataoot 
than  paaaaa  along  parallal  plpalUaa  to  tha  avaporotorai  tho  No*!  laavoa  thaa  at 
a  taaparatara  of  32t*0<  vatar  aatara  tha  dn«  and  than  flOMa  ta  tha  anam  oal* 
laator  thitiagh  two  doaa>plpaa  and  than  ta  tha  avaporator  and  hath  ta  tha  drta# 

T»  pravaat  vatar  froa  flavlag  lata  tha  ataaa  aaparhaatar  a  ayalaaa  vatar  aaparatar 
vaa  laatallad  at  tha  ataaa  avtlat  af  tha  dra# 


ric*  1^9*  Ha«X  *1107  staca  caBarator  vltk  aatural  alxt«latiM 
U  a  atae.'i'vatar  ain«lt* 

(1)  drai  (2)  Ka>X  telati  (3)  ataiB  mparkaatari  (0 
aaaporaterai  (5)  aBtXwl* 

Tka  aoaaaatrla*taka  daat0i  taa  kaaa  «at4  ia  2rv*aat  tka  yaaatkUttx  •t  aaataal 
katvaaa  tka  Na-X  alia/  aad  aatar  aad  ataaa*  Ika  aaaalar  apaaa  kataaaa  tka  tkkaa 
ia  tUlad  aitk  uraarx*  ftaamra  U  tka  apaaa  kataaaa  tka  takaa  ta  ■alataiaa*  at 
X3«4  ta  17  taga  ataaa  kf  aaaaa  af  a  aaaktaa  af  laart  g**  (kallw)*  Tka  MaC  allag 
faaaa  U  tka  agaaa  kataaaa  tka  takaa  tka  ataaa  aagarkaatar  aag  tka  atagatalav 
aaaktag  fka  awfaaaa  af  tka  aatar  tiAaa  laagltaglaailf*  tka  ataaa  aagirkaatar  aaa» 
atata  af  a  aelttgaaa  (fraa  tka  ataM  aUa)  taka-aad>akalX  kaat  iw kaigir  aad  tka 
aaayaratar  aaaatata  af  taka«ial'  akalt  aaaattruarraat  kaat  aakMgara* 


S 


3^/3  n  ia  dlaaetor  ud*  of  SA2S0  oiool  or*  mood  la  tho  atoaa  goaorotar* 

Fig,  170  ehowa  a  otoioi  goaeratot  with  foread  elreulatloa  la  a  at*«»>wat*r 
circuit.  It  la  Istsadad  for  tha  aamo  plaat  and  cperatea  on  tha  aaaa  parmatara  as  . 
tha  pracadlDg  atoaa  gaaarator. 

It  haa  two  druM*,  two  oTaporatora.  and  a  atoaa  auriarhaatar,  Tha  ll^uld'satal 
sircult  la  flttad  with  walwaa  laaltlDg  It  poaalbla  to  paaa  tha  Na«X  through  tha 
avaporatora  aithar  In  aarlaa  or  la  parallal.  Tha  awaporatora  aad  tha  atoaa  aupar* 
haatar  wr*  aada  oa  znUtlpaaa  (for  water  or  ataaa)  aad  alagla«paaa  (for  Ka«X  alloy) 
haat  axchaagarat'  Tha  elloy  flows  la  tha  spaca  hetwaan  tha  tubas,  waahlug  tha  sur> 
faeas  of  tha  outer  inbes.  Tb«  ^  gep  la  filled  with  screury  to  otoIA  tha 

poaflblllty  of  contact  bctveea  the  Ka«X  allay  and  water* 

Tba  thar::il  erprnalon  of  tha  tubaa  la  co&par.satad  by  fra*  shifting  of  tha 
tub*  ebcat  of  tba  Inner  tubaa  In  the  shall*  Tha  awaporatora  and  tha  ataaa  anpar* 
hector  era  Idiutlcal  is  dsslgn*  Tha  outer  tubas  4S/2e3  ^  dlaaatar  am  sads  of 
vi^ljTll  ataal  aad  the  inner  tubas*  3d/3  in  diasatar*  of  SAPljn)  stasl* 

Fig,  171  ahowa  an  aaaperator  in  whiah  thannl  anpannlen  la  aosyannatnd  Iqr 
utllining  0«tu6aa*  Tba  conaidarabi*  dlffaranaa  in  tha  tanparaturat  of  ths  hot  an4 
tho  aold  hranahao  of  tha  tubaa,  howawar,  can  eauao  thonnl  atraoaoa  ts  npponr  tn 
tha  tuba  ahaat  of  tbit  aaapomtsre 


1 
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ric*  170*  !»••*  tllof  tXtM  wlik  for*«4  •iMtIatl®* 

in  th«  •%•«■>«»%« 

U)  4niM|  (2)  atMOk  a«»arktatari  ()}  avaporatari 
(4)  Kft  owtUti  (5)  P«»i  (()  «taaharg*i 
(7)  MfK  Ui*t* 

e«ap«MatiM  ta  *4#  »X*tm  caaarator  alow  U  Flc*  17t  la  aa4iaaa4  tka 
af  4aa*  tatoa*  Caaal4araWa  alraaaaa  rlaa  a«  tba  »afca»abaa»  aeaaaallaaai  law 
laaa  a  at«4M  t«Mra%ar  af  Ula  4aat«i  aam4  wltkaal  <— «•  far  X*0®0 


Fig.  171.  C-tu^.9  oreporator’* 

Fig.  173  ohc'vs  a  halical-tolw  ateem  generator*  Aboat  tha  saa#  problasa*  *rt»* 
In  thla  dealer,  oa  la  the  preceding  veralon* 


rig*  1?2*  Baat'tuba  ataaa  gaaarator* 


i  JI  O 


Tha  proM«a  of  thormal-cxpenoioo  eoapoaootioB  con  also  bo  oclvod  bj  oaitlo/iaf 
tbo  ’toWliftttbo*  dcaign  (rif.  174)*  Hsro  on#  of  tha  bubo  abaota  auat  abaorb 
eooaldarabla  atraiii*  Tba  daalga  la  alao  aomplieated  b/  tba  fact  that  tba  Otttar 
tuba  amat  hara  a  dlaiaatar  largo  aoougb  to  nalatala  aa  aeeoptabla  rata  cf  flow  of 
liquid  natal  In  tha  aanular  apaaa* 


>at 


174*  tJtlllMttoB  of  tlko  tor  o 

•o41\a  oton  ooporkootar* 

(o)  TabM  ^  s  3  M  (o«tor)i  (4)  to4M  45  s  ao 
(iMor)* 

Tho  mo4  for  roltoUo  ooporottoo  of  tho  olkolt  •■otol  tiro«l%  froa  tto  Mow 
otromt  lo4  to  tM  4o«Uo-woll  t«bo  oo*iii(  lootltoAUol  paoooo  m  Uo  oottoMli^ 
•wfoto  of  tfeo  tokta  (rtf.  173).  T4a  vooooa  oro  rilla«  «tt4  aoaa  oko^toUp 
aaotrol  llt«14  or  caa  at  o  apaalfioi  proaaoro. 


yx- ^  ^  u  ^  '  MT  j  ’ ' ' .  ■  Ji  •  T  yw.  ’  1  V  ^  a  \  M  ' 


Tka  raoalta  of  tko  aiiiarwiita  of  tko  kaot-troaafar  toofflolaat  to  o  ao4t«^  •»« 
ailof  toot  oMtoacar  «|tk  flat  alrtol  tatoa  (aoo  n«a»  443  ao4  144)  ««  dooo 

to  rtf.  174.  Tto  o|«loaloot  i«4roolte  4laMtor  of  tto  atoaaol  totao*  fef  tto  ataao 
aoatlao  of  tto  flat  toto  mo  takao  ao  tto  toftotat  ilaaoilao  to  aaloolotlto  *ka 
toMtltp  ia.  Ito  aaaa  ft«tooa  tlloatroto  tto  rolativo  -m-i  rTil  of  tto  tatoo 
of  tto  toot  oiitaatar  aoO  ttotr  taoto  ttoaoaltaa.  It  roloalottto  4ko  laal  trtotfto 

14  ■ 


V  • 


ccttSXcUzi  tl*«  affMtlT*  h«*t>axehBBc*  avrfBe*  ms  dstsialasd  hj  9>ojMtia(  tks 
Inasr  surfsc#  of  th«  tvbss  wltk  tho  ■sdlvB  (sodlw)  oa  tks  tatos  wlik  tka 

aodlM  (alloy),  xt  low  alloy  flow  ratas  a  aksrp  drop  ta  tko  lataaslty  of 
ktat  trciaafar  Is  oV^arrad  (swt  Flj.  1?*),  slick  Is  azpltlsod  by  ths  aathero  of 
Tsf.  If  tbs  Boaualfoio  dlstrlkutloL  of  tka  flaw  la  ths  tabaa  of  tbs  ktsi 
aicb«iu;cc,  which  art  ^f  dlffaraat  laactks. 


n<*  1?5*  Qrooscs  ca  tks  turfMas  of  foaklo  far 
alkali  •astal  atsai  caasrnaro* 

fka  fsfoadtasa  of  tka  ktat«traasfsr  coafflalaat  oa  tko  By  aiataf  far  a  takoa 
aa4*okoll  ao4l»-  IM  allof*  «o«kloi>tako  ksat  aaakaatat  (too  n«*  l(t)  wo  gk-m 
U  fU>  IVT*  Tko  Us  awkw  woo  fotwnolaoi  ly  tko  oiloroal  ilwotw  of  tka  oOlw 
toko.  Tko  aoM  rt«oro  akawa  tko  oaloolotok  kofoafaato  fkr  tko  koatatr^fw 
ooofftcloot  fooBt  aaaoolat  tka  okaoaoo  of  fro#  aaowoottaa  la  tka  airiwf  latotU^pw 
kotwsoa  tka  tokaa.  U  tko  oaloolatlaaot  tko  aaomotooia  of  kaat  ttaaafw  IHB 
tko  otila  of  tka  tokaa  to  tka  IttolA  aotal  woro  kotoHolaat  If  tka  mniaom  lyao 
faiMla  [aoo  fonola  (}$)•  Ckoftw  .  Tka  arHrUwtaXMa  (aoa  n«.  ITT) 
ookotaatUl  llfftrsaao  U  tko  kaat  oock  of  ktrloaotol  aoi  oortloal  kaat 


Uklaata  a 


•xeh«££«r»:  Tor  Ie«  i±3t«l<-flev  retoa  la  a  Tartical  haat  azehaAcar»  a'aa  rlaa  la 
tha  Aataaaity  of  baat  asehaag*  la  etaarrad*  It  la  caaaadt  avldaatlXt  by  tha  la* 
fluaaea  tf  additional  b>ioyaac]r  arlalac  **  *  raaolt  of  taaparatvra  aarlatleaa  la 
tha  liquid  alone  tha  hal^ht  nt  tha  boat  axehaagar  and  tha  lacraaalaf  rata  of  Its 
notion  in  tha  apaca  bat'aaan  tha  tabaa  and  iaalda  tha  tabaa* 


ll<*  17i»  laat-iroasrar  aaatrialaat  u  a  aa4lt-«  Ma^ 


allay*  nat*liAa  hast  aaal 
(a)  t.  haalAi^  isar 


Fl£.  177*  Beat«tr«fififer  co«ffiel«Bt  la  •  aodla**  lte»K  alloyt 
doublf«tub«  hMt  •Mhaacar* 

(1)  ealeoltttd  eurT«i  <2)  Ttrtlcal  ktat  «»baBc*ri 
(3)  borluBtal  bMt  •zs)»«bc«f* 

(•)  K«  bow  *C* 


•i;- 


j 


Tig.  ]78.  Hctt'truifftr  ceafflclwt  li  tk»  •Tsporatlac 
of  •  Ka«K  alley  doakla»taka  ataaa 
Caaarator* 

0  •  forttd  ctroolatioa  of  the  ataH»»«etar  atitarot 
X  •  aatoral  oUculatlea  of  tko  atoM^vatar  alxtcra* 

(  a)  kcal^*  k»ar  *C» 

no  Talaoa  of  tka  kaat>«raaafar  «aafflelaat  U  tka  aatperatlac  aaatlM  af  a 
iia>X  alley  deaklftvba  ataaa  foaarator  (aea  Vlf*  1(9)  are  glaaa  U  ft#*  179* 


38* 

daaaaaorlaa  <aorM«a  tyyoa  af  ealvaa)  ara  lavartaat  acayoaaata  af  Ittatt  aadal 
ayaiaaa*  Tfealr  4aal#i  aai  aatarlala  Maald  aaa%  aartaU  ratalnaaalai 

1)  ki#a  aorroatoa  raalalaaaa  la  lltali  aatalai 

2)  ada^aaka  atraafkk  a%  *laeato4  taaforakaraai 


3)  hlitb  rtreneth  of  th*  atraeture*  «itb  raapact  to  thon»l  ahoeki 

4)  zero  aaapa^a  of  liquid  Mtal  aloac  too  atca  of  a  toIto  oporatisc  kha 
prlmarj  cirenlti 

3)  DO  valdiog  of  a  valTO  to  tho  aoot* 

Tba  valie  houalng  caa  ba  aada  of  tppo  347  atalalaaa  ateal*  which  ahowad  good 
rasulta  under  touts  for  Ictsrva^ular  corrosion  In  sodlun*  forgsd  rathar  than  eaat 
Tslvs  tc'oalngu  ara  U9ed  to  socura  tha  naeassax7  laaktlghtaaaa* 

TharsiAl  shock  testa  of  347  ataal  aalae  eaatinga  and  forglaga  ahewad  that.aa  a 
result  of  plastic  deforest  Ion, strt.zs  ralaratlon  occ'ira  araa  whan  local  atraaaoa 
axoead  ths  field  point,  nowatar.  la  dcsljo.  '^‘hsrp  aariatlona  la  tha  thichaaaaoa 
of  hcuAlng  valla  should  ha  aaoldad* 

HeotTaalstrnt  type  314  steal  r.*  used  for  high  llquld^natal  tsaparatoroa* 

It  la  doslrshla  to  laatall  ths  aalaas  la  parts  of  tha  afstoa  whara  tha  tea* 
parstura  doss  aot  aactad  43C*C  la  order  to  praaaat  voiding  of  tha  aalaaa  to  tho 
seats.  Stela  of  eoaaeatlenal  dealga  otdo  of  etelllta  perform  sstlafsetorlly  it 
sodlvB  at  a  tcapara^ura  to  hit  do  not  alwafs  guaraateo  eosplata  laaktlgkt* 

aeaa  of  tha  duet*  hhea  tha  duet  ouat  ha  apeaaad  with  ahaoluta  raliahtlltp.fkOMO 
■atal  aaa  ha  usod  la  tha  duat*  Tha  fraaatng  caa  ha  dona  la  avail  aaotleao  of  tho 
plpallot  and  at  plaeaa  whtro  rapid  oposlag  or  tpaaaing  of  tho  duct  la  aot  rofalrodi 
la  thla  roopoet  tho  uso  of  this  tjpo  of  ooal  oa  tho  drolallao  lo  aot  praatlcohlo* 


} 


s 


n<«  179*  t»ttbi««uuov«  vtift  ^ 

bpbrlMDti  with  Tkrlew  pMklac*  t**  vaIt*  •%«  guk«t»  (graghlt*  9o«h«r» 
MhMto««  l«ad  MwlAt  aatalllt  al«k«l  po«4«r»  mi4  ethw  acttrlalt)  dli  Mt  gra* 
4««a  pMtttT* 

Of  latt,typM  of  OMla  with  M  hot*  frowoA  Mtlofotlonr  U  Itfot** 
Mtol  ojotoM*  B«UoM*t]rga  omIo  hawe  foiaatf  vl4a  Mtaftaaaa*  aa4  la  aartaib 
irltlaal  laatMoaoi  4a«Ua  feallawo  atth  aa  latarlagar  af  gaa* 

Tha  aaa  of  valwaa  with  fraaaa  aaala  aa  tha  atia  la  Raalag  ta  ha  affaatlaa* 
Tha  oatar  aai  af  tha  ataa  la  aaalaaai  U  a  hallow  haai  lataaaalg  aaalat  hgr  walar* 
lha  thia  aaaalia  hatwaaa  tha  ataa  aat  tha  haa4  la  filial  with  lifoU  aatal  wiiah 
fanat  a  aaaliag  plag  wpaa  fraaalag.  Tniaaiih  aa  tha  a4.aar  atraagth  af  tha  aataia 


nsad  for  thla  p^poso  ii  not  hlgh<  tbs  frcsss  rise  cea  fco  oaslly  e«t  off  at  tko 
•urfscs  of  contact  with  tbe  atea  vbaa  tha  latter  rotatea« 

Tb*  graataat  danger  to  this  tfpa  of  aeal  la  an  Intarruptics  ia  tka  cooling- 
water  clronlation.  The  frozen  plug,  horerer,  reoalna  for  a  period  of  one  alsata 
or  aort;  1,#,,  there  la  aufflelest  tlaa  to  start  an  auxiliary  cooling  ayataai,  Tba 
eoralce  life  of  tbe  frozen  seal  la  unll&lted  proTlded  tbe  sealing  natal  la  fraa  of 
foreign  eoltd  pertidaa,  which  azart  an  abraslte  action  on  tha  surfaca  of  tha  staal 
fig*  179  shows  a  double-ballowa  gats  walwa,  d^  -  an,  Xnasnuch  an  tha  bal- 
lows  c'-^branes  (aylpbona)  hara  a  ralatlwelf  low  natural  fra^uenep  Tlhratlon,  whan 
they  eft  used  there  it  the  danger  that  high-cnplltude  resonant  cselllatlona  will 
rppeu*.  In  deslgnlEg,  it  la  raeocr'ccdtd  that  tha  dlffaranco  hatwean  tha  fraqntaap 
of  tha  pulcsa  end  tbe  neturel  frequency  of  nexVrane  elbretiana  ha  not  laaa  than 
1«. 

Titration  of  the  bellows  can  occur  In  regions  of  nharp  ehasga  In  flow  dtraa* 
tlcn  and  at  high  dlschargaa.  This  can  happen  la  gate  Ttltast  la  tlaw  of  vhteh  tha 
hallows  art  protaetsd  frva  hydraulic  shock  by  sultahla  shlalli. 


ng.  180.  Oats  for  a  aodlea  ptpaltae  d,  •  1?^  Me 


ng.  1  oO  »aova  ■  platon«eobi.rclled  gat*  for  a  aodlua  plpallaai  dy  •  174  war 
lAMffiuoh  M  tha  oadloB  »07ad  la  tba  wrklBg  fluid  ia  thla  caaot  aaapaga  through  tho 
platoD  ring  la  of  no  great  tlgalflenaea* 

flgt  Idl  ahcwa  aehnaatieallp  a  valva  with  integral  alaetrle  drlea*  Tha  wind* 
lag  of  the  atator  la  aaparatad  froa  tha  rotor  bp  a  ateal  or  ineonal  ahull  !•&  ■■ 
thick*  Tha  falva  la  controlled  hj  a  awltch  which  cauaaa  rotation  of  tha  polos  of 
a  threaophaaa  olartrlc  notor  with  an  Icduetlon  winding*  Iho  rotor  follows  ths 
rotation  of  tha  switch  In  the  saaa  dlraotlon  and  at  tha  sama  rata*  slanltnnooBSlp 
shifting  In  an  axial  dlraetlon*  opening  or  closing  tha  walTS* 

rig*  182  ehova  a  cut-off  tuIto  inatallad  In  a  aodlua  rlpaltna*  d^  *  74 
dll  parts  of  tha  walva  ara  noda  of  tpps  31(  atalnlass  staal*  Stalllta  has  bass 
welded  on  to  the  supporting  aurfaeas*  The  guide  buahlng  of  tha  easing  Is  sads  of 
stalllta  21  and  tha  platen  ring  of  stalllta  ^*  lha  walwo  Is  oporatad  hydraultaally* 

and  tha  puoped  aodlua  la  VM>(d  as  ths  hpdraalie  flild* 

a 

rig*  183  shsvj .'ret king  feed  walwa  for  s  aodlua  plpallaa*  d  *  203  bs*  Ths 
Ttltt  is  aleaad  ea  all  sides*  hsnea  thars  Is  no  prohlaa  of  saaliag  off  any  of  its 
alaoeata*  The  sliding  baariaga  are  protaetad  frca  coataaiaatioa  by  tha  sodiM 
flow  by  spaelsl  baffles* 


Tie*  IbeklBf  fMd  v*1t«  tmt  a  aodlai  S  93  m* 

(1)  eeaataniaitht  (  (3)  aettataraatcht  aprUft  O) 

<«tai  (4)  apr<a(  of  ptaot  goto* 

rtg*  184  ahova  a  ball  foo4  oalva  laatallag  aa  a  ptpa*  ^  *  3  ^  aalaa 

pamlta  tba  llgaM  ta  flaa  la  aaa  flraatlaa  aalp  aa8  aata  aafar  tha  affaat  of  44a 
praaaara  ttop  aa  14«  Tba  ball  la  aate  af  Ippa  440  atalalaaa  aiaai;  tba  atbar  pa*t«, 
af  314  atalalaaa  ataal*  tba  aalaa  aaa  taataO  aaaaaaafallp  aitb  aaOliB  at  taapat* 
ataraa  op  ta  740*e. 


n««  1(4*  Ball  f««4  valv*  far  a  Mdlua  plpaltat*  ■  3  n* 
(1)  Ball*  4  S  6  aat  9)  apartwa  far  HMifa  af 
§9iim  ahaa  ball  la  lalaaB* 


39.  laatwiatatlaa 

flaaeral.  Baaal  larillaa  U  tba  4aat|^  at  ataaorUB  laataaa  U  lttal4.«atal 

apataM  art  favaraaB  aatalr  b^  iba  Ippa  af  baat.iraaafar  aaBla  aai  tba  aifiltaia 
ar  tba  aparatUB  taaparatara  af  tba  laatnaiat.  la  aaaani  laatallatlaaa  tbla 
•arlaa  bataaaa  IM  aa4  4oe*C.  Iba  aparattac  praaaara  4aaa  aat  aabataatUllx  affaat 
taatrwaat  <aalp  alaaa  It  la  aaiaaUp  ralatlaalp  laa. 

0«li«  ta  tba  apwtma  propartlaa  af  ll«a!4  aatala»  aapaaUllp  tbair  blpb 
alaatrlaal  taaiattimp.  tbair  aaa  aa  baat.tfaaarar  aalta  laB  ta  tba  aaaatraatlaa 
U  iaalaaa  faiaarlp  aat  aaaoalp  aaa4«  far  aaiaBla.  alaatria  laaal  lailiatara  aaB 
aacaatta  Oaaataia. 


j 


.£  r  ,  j. in  the  nperat i .'-ii  of  ngrauTlK^  dovlcee  in  llijuid-citel  jyatau 
li  3  in  The  feet  that  ♦  ho  t»e<y-ee  of  purity  of  th*  asotal  Influescea  tbair  efflclaney 
u  r.o  j.o;juaca  of  oi.idea  end  othar  isp’iritiee  altera  ovch  propertlea  as 
e'uei.  1  ai  '•or'duetiT'ity .  for  exiiiuplo,  ted  prcaotea  clocffleg  nr  tha  iPlet  Aiid  outlat 
of  Ita  derlcoj. 

Ti.  j  faci  .^t  rocji  tesporatura  the  ciejority  of  tha  taet&la  used  ara  In  tba 

otato  Cdu  ta  utili;'sd  tn  -iiTOiiii-i;  the  danger  brought  about  by  leakaga  of 
-.til  iaoiio  thd  dvivlco.  fui  ext.r.pl®  of  thla  la  a  preaeura  gega  In  ooi-iaa  Ayatau 

eor-Jt-ti  ;  of  a  pro  oure  trc_ ^-Itter  and  tba  ceocurlng  (ootondary)  doTice  Itaalf, 

■.:,ich  i  t  ii  ■-<•1  t:.o  r.,3  pi.  couro  in  tbe  proccura  trarcdilttcr  craity*  If  the  length 
cf  tho  iiilot  r.jin  of  the  oeeondi-ry  dcTice  ia  eufficitntly  laxge,  then  tba  natal 
win  iiooee  in  this  lo-iio  in  cace  of  a  letk  Inaida  the  trancaittar.  Special  exparl* 
:icht8  toro  conducted  to  detoitilno  the  length  of  tube  which  anauroa  aolidif ication 
of  eodl’-tii  in  it  for  tfaa  abora  toaperaturo  (end  ether)  conditlona*  Tha  teat  raaoltt 
ta-fc  Tftblo  t.nd  in  Fig.  185.  which  show  tha  dlatnnce  traveled  by  tba 

Godlb-;  in  CD  unlneulu';  vd  eteel  tube,  d  »  6.3  nan#  tu-  the  place  where  it  aolidif  lei 

C3  a  function  of  the  te:nperature  of  tha  eurrnuediug  aedius  (air).  As  ahewa  by  tha 
exporic-sata,  neither  tbe  tcuiperature  of  the  netul  nor  ite  preaeura  ezerts  any  aub* 
etpntlsl  effect  on  the  cugnitude  of  this  diatasca. 


Li)" 


?l£.  185.  r-ol  Idl  cf  iOw'lUB  la  i  Atl*)  tut* 

by  ‘.ha  catux’l  cctatct  loi.  rf  th«  surTtandlDC  4ir* 

Tha  pri>.i*c.*«  c'  7«,'atlyv\;  ci  ;d  uata  lailda  kaajuriaic  dailcka  la  vadt'* 
fl7*blt  l<«ersueh  at  th«  s:tai  tceitsaa  la  thaat  aoBta»  etnalac  avaataal 

plu£<^ltc  of  tha  totarnal  orlfleoa  of  tfea  davlea*  Mtaea*  iataaalaa  tad  falrlf 
^elfora  htatl&4  «f  all  Ita  jalatt  efeeold  %a  (uiatalaadt 


s 


Teapgrttuf  gaahwr&aent*  flf*  186  aboM  a  hlglily  aaaaltlTt  asd  nacbaalcallj 
alaWa  pl-tlJiuiM  raaiaiene#  thaRxsatsr  uaed  for  r>>aattrls4  Ua  taBparatvra  of  aoltoa 
todluB*  Tha  accnracy  of  ♦h*  Isairvisicai  aaotiata  ti»  ~  0o*C  for  toaparatwa  raa(* 
ln«  to  120®C  and  1  1.5*C  for  taoparaturaa  to  550*C»  !'•  raapcnaa  waa  bottar  tha* 

>4  aac.  Tha  Binlr"*  dapti;  of  tbareoMtar  laiMraleB  la  tba  liquid  aatal  la~56 
Tha  oallbratioB  of  tha  tbanonatar  la  craplataly  rallacla  at  tecjparaturaa  to  ii50®C 
and  doaa  net  vary  uadar  tba  lafluanca  of  tba  radloactlaltf  of  tba  lipoid  utal*  &i 
criec  to  xaesvra  taL.p«ratttraa  aboaa  i50®C*  apparaatly*  a  raalatacea  tbarauMtor 
Hitb  a  tur^ataa  aanaiilaa  altJAat  la  raqalrod* 


fit,  natlMi  raola^ataa  tbarwtor  aoo4  to  oaaoMa 
tba  t«npar«t ..  a  of  aaltao  aodlMb 
(1)  dlftaalaa-toXal  flogi  (8)  flatlM  oiroi  ()> 
toaaoal  vlrat  (4)  aabloi  (5)  *>— —  tMMt  (6) 
•laaa  >lt«t  ( Uwaatori  (I)  atotalaobMAoal 
tobat  (9)  toU 


S 


Th«noeoupl«a  ar*  naad  nhta  dlMUioK>«  of  iha  taiparatv*  *MtMr  anut  W 
u  au\l  u  poaaiUa*  Thanal  alaetrodM  of  ohremol^olwtol  art 

aaoally  plaead  in  ateialaaa  ataal  ahalla  litS  ■■  3  aa  la  dlaaatar  aad  lamlatad 

by  potidary  aacaaalua  aiida*  TharaMouplaa  ara  laaartad  f^to  tba  latarlar  rf  tiba 
ayatM  la  a  ralatlvaly  cold  apot  la  oHar  ta  aaenra  aaallac  ftf  taa  iaXat  bj  aalK> 
Ifiad  aatal*  A  tawaoceopla  Jaekat  lalat  aatalda  tba  eald  aaaa  la  aaaXad  bP  braa* 
lag.  rta  and  of  tba  jaakat  la  aaXdcd  oa  panuaaatly*  la  aaak  a  «ay  tbat  after 
aoxatlac  tka  hat  juactloa  of  tha  thanioaloatreda  wiraa  caa  ha  aaally  raatiaad  fMi 
tba  Jaekat,  pu-Blttlat  raplaarsaat  af  tharBoaoapJa  alraa.  Staca  tha  aagiaalf 
oxlda  abaorba  colatura  aad  aa  a  raaalt  laaaa  Ita  alactrla  laaalatlac  prapartlaa# 
tba  Itvaulatloa  ahoald  ba  pratactad  fyoa  aoataet  with  vatar  aad  vatar  aapara* 

It  ta  daalrabla  ta  callbrata  atary  thanocaupla  af  aaak  daatf*  UdlaldMlly, 
leaasueb  aa  their  raaulta  cap  differ  fre«  tba  ataadard  carta*  Tba  rtapcMa  af  tba 
tbaraiaeaaplaa  la  abaat  l*0*i*5  aaai  tba  aasikaa  Maewiat  arrar  ta  it  ^  b 
tesparatara  aa  tba  ardar  af  jOO  •  iea**C*  Tba  laacaat  tbairaaaaaptaa  aada  baw  baaa 
aana  ttalara*  Tba  taactratura  itaitt  far  appllaattea  af  tbaraaaaaplaa  af  tbia  da> 
alia  dapaada  aa  tba  daaraaaad  taatiattaa  laatdtaaaa  at  alavatad  t«parataraa  aai  ta 
prabably  l•000•e•  4  tbanacaapla  with  a  Jaakat  diaaatar  af  ta5  M  Ma  aaad 
abdar  radlaaettva  aaadtttaaa  ta  aaamra  tba  taaparatura  af  aadiaa  aaabtat  tba  baat* 
CtaaratUc  aatt  af  aa  aptrteaatai  aaclaar  raaatar*  Tba  bt«b  flaitbUltp  aai 
atraagtb  af  tba  taawaaapta  aabaa  It  paaatbla  ta  lead  tbm  ttraaib  laaf  Haaitla 
aitb  aaaf  Itaia* 

fba  ta«arataraa  af  taba  aarfaaaa  af  a  Ittald-aatal  aiaaait  taa  ba  ataaatai 
bf  laaaaatlaaal  tbiaaaaaaplaa  laaatatad  If  •  ilaaa  tferaai  aad  attaabad  ta  tba 
aarfeaa  if  ataadard  aatbaia  (aalMH*  W  aaaaa  af  ala*  abaada*  ala*)*  baldlai 
tbaiaaiiaptaa  ta  a  ataal  aaafaaa  br  dtaabaa«lad  e  bail  af  aapaaltara  baa  baaaaa 
aaHaa*  4  larriniamH  daadaa  aaa  ba  aaad  fbr  aaldlat  tbaaaaalaauadi  aiaaa  aad 
aatdaiM  tba  bat  Jaaatlaa  af  a  tbaraaianHa  ta  tb;  taai  af  a  «r/taatad  jaabtd*  Tba 


1 


tl>«rnoeoupl«  to  b«  voided  oa  ia  eloapod  oltbor  b/  k.  eobToatlo&aiX  pair  of  oloctrle* 
iBsulotod  pllora  or  la  a  apoclol  cloiip  aad  applied  to  tbe  veldlag  vlto*  fbe  veld* 
leg  ia  dcB*  bp  an  electvlc  arc  generated  between  tbe  Junction  of  the  tberaoeoople 
and  tbe  apeelfled  sector  of  tbs  surface  during  tbe  disebarga  of  eapecltora* 

Preg«"re  r.«s*»nrfc?nt.  Standard  manoi&atera  with  e  Bourdon*t;be  aenaitife 
bs'e  been  asod  to  Beaaure  pressure  ia  apatesa  containing  a  sodi\ne>potaaaiva 
alloy*  Plugging  of  tbs  tubsa  waa  obesrted  in  certain  inatencaa*  cauaed*  apparantly* 
bp  inauff.Ui^n*  p<-ritp  of  tbe  liquid  aetai .  Preclae  prcsaiira  Msauraatanta  in  aodiaa 
byatr-.B  la  difficult  with  Bourdon  tnbea  inaanueb  aa  tbe  nmoaeter  bea  to  be  eon* 
etcLtlp  banted  vbieb  ccntrlbutea  en  error  la  ita  readinga.  Vbta  tha  tnbea  ere 
plugged  up  bp  solidified  Bodivn*  they  are  uoually  diaabled*  aineo  attaapta  to  salt 
tba  potftl  cut  Iced  to  failura  of  tba  tuba  or  to  intolerabla  ebangea  in  ita  olaatia 
prepertisa.  MuLnc.zctora  axa  soastlsaa  inotalled  on  apacial  eonteinord  filled  per* 
tially  with  liquid  cetal  end  pertially  with  inert  gee  (Tig*  1&7}*  The  ■•in  diftl* 
eulty  in  the  opsretica  of  aaparate«coataiaer  Baaoicetara  ie  tbe  eondeaaetloa  of 
Katel  tnpora  in  tbe  upper*  colder  f«rt  of  tba  eontelatr  end  tbe  reaulting  plugging 
of  tbe  inlet  piping  of  tbe  nanoseter*  Xt  ia  recner.sr.ded  that  tbe  esstalnern  be 
fitted  with  Bstelovapor  condenaars  la  tbe  fem  of  cooled  tubaa  of  the  ^eeteeb 
posaible  croaa  eectioa  (aae  Tig*  187)*  Tb*  eenteiaer  abould  be  fitted  with  • 
liquid*aetal  Isvel  indicetcr*  donatiBea  two  level  indteatora  ere  inatalled*  elan* 
trlcally  connected  with  acleBeid  eelTe*  eontrolltag  tbe  inflow  of  inert  gen  Int* 
the  container  end  ite  outflow  fTca  the  coateioer*  which  nekea  It  poealble  %•  mine 
tain  a  eoaateat  satal  ItTol  la  tbe  eoaieiner  end  proteeta  tba  gen  ptpellnae  ee4 
tba  aanoBatar  frea  apetterlng  by  oolten  aetale 

RMotfreadug  diaphrage  prveetre  aeneere  ere  •!••  «m4  te  ■aawra  preneiree 
Tiga*  188  and  189  thov  preaaura  treamittera  with  alngle  and  denble  dlepbnt^ 
rated  for  eperatloa  et  preaaarea  te  7  date  ataea  and  taaperaterea  te  50O40C*6e 
They  are  Iratelled  diraetly  oe  \’j»  piping  of  tae  eyeUt.  OMer  any  taaperettree 


I 


«iid  ST^ebVTtB  tbf  dlaphrrv^  of  th«  truusnlttar  can  b*  Isatallrd  1b  •  position  elct* 
to  th«  null*lf  fcrciod  «jLr  Into  its  osvitji  th*  sTror  of  ths  fisTies*  do*  to  vario* 
tlor-f  In  ti»  «Iantic  profsrtlaa  of  tk*  iiaphrej^  undor  t*mner«tors  fiuctnstlonst  is 
lEalfaifiesiitt 


rie«  Id?*  HniK^Atsr  wttb  0  sspsrstor  seatsUw* 

(1)  KAce  -vtort  (S)  Mtsl>Tsper  eondouort  (j) 

Uvol  t:;llc«tori  (4)  ssp&rstsr  coBtstnori  (5) 

U4«14  Mtoli  >()  pips* 

7b«  llAMtor  of  tho  tuttof,  bp  ••son  of  w4Us  tbo  ttnoor  Is  cossostsd  to  tho 
Il4<a4  Mtol  tstskoi  U  5t> 

&.«‘blo>«Uflkrt0i  tr««Mtttoro  oro  aort  sdsootacsoos  U  ■sotorUg  fclgb  prooMToo 
m4  lots  isagoroKJ  U  rorvlto.  sImo  ttep  K*««Bt  aotol  tttm  fallUc  lot*  %ks  pM»* 
■stis  spstoB  U  Uo  oTMt  OM  of  tko  4t*pferop«  folio*  Prosooro  Torlottooo  U  «4o 
opooo  botMoa  tbo  flopbrsifii  Uflaoaso  tho  ao^tote  of  iroaooro  troaaittot  to 
tho  oir  got  If  tho  orooo  of  tho  4tophrofoo  oro  4looUtlor*  thlo  aofeoo  it  ooooooory 
o  Soto  pooinea  oorroopoags  to  ogool  ptoooiro  oa  bath  lUoa  of  tho  4lofhrHhi 


I 


to  BdlntalB  eon*t«Bt  •rtiflclal  proasuro  In  tMa  apact*  Xnoonal  Z  la  tha  Bataorlal 
nf  tba  diaphra^i  and  Inconal  la  uaad  for  tha  eaalng  and  aaaaor*  Tha  limit  of  maa» 
aoresant  la  rtgnlated  tj  ehenglnf  tha  prattxtra  In  tha  air  gap  or  hj  maana  of  altar- 
InjE  tha  pocitlOB  of  tha  ncrzla  (aaa  fig*  169)* 


fig*  189*  olBgla-dlaphrest  praasora  tranamlttar* 

(1)  dUphrag^i  (a)  outlat  to  aanematori  (3) 
gaa  latd«iB|  (4)  Mtilo* 


Fig*  149*  Comhlt-<<a*hropi  fraomo  IromMlttora 

(1)  at4  9)  dlofhro^i  (3)  omtlat  to  ma— otart 
(4)  gaa  loaA-lmi  (3)  Mtaloi  (4)  lo4  lalo 
aootta  tatoao* 


1 


Tb*  aeeuraejr  of  Aiaphragi  prtaaurt  tranMlttar*  la  about  ^  3%l  thalr  ra* 
acoiu:a,10>13  aeci  Thla  typa  of  proaaoro  traanlttar  parfoniad  aatlafaetorllp  IB 
lliiuid>i:atal  (aodlun)  luatallationa  cottti&uooalp  for  tao  yaara* 

Tba  relatlTffXy  alow  ;c»;csso  of  paauutie  trannalttara  aakaa  It  aacaaaary  to 
rvlteh  to  tha  uat  of  an  oX^ctrleal  praaaura  traDamltttaf  apataa.  TXg»  190  abova 
tha  circuit  of  a  fLct-raapocas  praaavra^alenal  trasBalttar  wbieh  wrka  on  tba 
prlBclpla  of  variation  of  the  ladoctanco  of  a  pick-up  coll  vfaoa  tha  proaavra  in 
tha  ayataa  chan^aa.  Vhaa  tba  praaeura  riaea  abowa  tha  panlaaiblo  IotoI*  a  rolay 
la  aetuotad  which  otarto  tha  aljimal  daTlea*  In  oparatlca  thla  typo  of  praaaara* 
Bl£!;al  tran-'rnlttar  prorad  to  ba  aery  dapeodablat  tha  doTiatloa  of  tha  praaaura  at 
which  tha  relay  wca  actuated  frea  tha  aolactad  preaaxora  did  sot  aaeaad  0*3^(4 
tc/a?.  Tha  recpoaaa  of  tha  aldaal  traiu.Jlttar  was  bottar  than  0*2  aaa* 


As  liilQ^ttincs  pleV-up  witb  •lf£tle>b«ll<>v*  rr«ii'sur«  truumitalon  la  ahom  is 
Tj£;  ■I'J'V  rv.j  lowar  bellovs  Kaistaisa  the  pr«asttr«-ti£bt=*'"  It  1* 

In  dl'not  c>iot.act  vlth  tha  llqali!  Mtal*  Tha  lover  ballova  la  ccosactad  to  the 

uppai-  believe  (vlileb  liaa  a  aprlot;  inslda)  by  stana  of  a  ataliilaaa  atvel  rod*  Tha 

a 

atiiToeea  of  the  aprin^t  ehould  be  greet  enough  is  coapariaoa  to  tha  atiffsasa  of 

the  lo^er  believe  to  prevent  chenca  deforoatlons  of  tha  latter  or  dafomatlosa  of 

reflecticg 

tr\e  V  C'liuectlae  roj  caused  by  touparatura  varlationa  from  /  on  tha  poaition  of  tha 
cer  t  afflzed  to  ihe  upper  lellovs*  Tha  core  la  Kedo  of  soft  Iroa  and  acta  aa  tha 
flifii  ccro  of  a  tressf^nfr.  tcch  of  tha  vlndlxga  of  th*  trecefn’-evar  haa  tvo  ceiia 
vhlch  eua  v^tud  eo  ee  tc  prevent  an  effort  of  terperature  on  their  total  raaiatanea* 
lorr'Mch  ns  tha  core  ehlfta  upverd  or  cotr.vrsrd  ur.der  prrerura  variatlonat  tha  toX* 
tD,«  et  tbe  tressfor-or  cu&put  turna  out  to  be  proportional  to  the  aecaurad  proa* 
sure.  Tha  opp*r  p  i-t  of  tha  doalca  la  protrttad  fires  tha  effeeta  of  high  tea^par* 
vtura  by  cooling  of  the  flnsci  eupporta  by  tha  natvxel  convaetioa  of  tha  aurrouad* 
ui  alxt  la  the  event  of  failure  of  tha  lovar  hallovt  tha  Ratal  fraasea  la  tha 
lusTrov  easultta  about  iha  eeatral  rod*  If*  hovovar.  eoma  srtal  laaka  through  tha 
uiulust  it  vlll  frcvxa  la  tha  e«vity  of  tha  uppar  hallOMa 

Scvlees  of  tha  typaa  daseribei  hava  beea  asployad  far  aeuuriag  lav  (ta  I 
hg/cR^}  ea  well  aa  eoaaiJarabla  praasurat  (to  V4  kg/cR^)  ia  aediuR  ciravita*  Iteir 
raapensa  «m  hattar  '-haa  eaa  aaaand*  Taata  of  tha  davieaa  ahewad  that  thay  ■taa4 
up  «al\  uadar  rapaatad  (ta  3*000  eyclaa)  prattvro  lacraaaaa  frai  lara  t«  90 
at  taaparaturaa  af  ahevt  300*C*  Na  eloggUg  of  tha  halleva  hy  aadiai  oatda  oaowraA# 
The  foot  that  tha  opera!  Ug  taaparatura  u  tha  lavar  part  of  tha  davtaa  la  tuffi* 
alaatly  high  apparaatly  playt  a  faaorahlo  raia  hsrt* 


Tig.  193*  C«pMltlT«  jraasvr*  trualttar* 


( 1)  <Uaptee0S|  (a)  r»4i  (3)  Mtallcawtala 
Talatarad  cplUdtri  (4)  flMi 

(3)  coBdvctort  (()  teBBlatori  (7)  CMtM% 

•priBgi  (d)  teMtaci  (9)  alt*  iMUf* 

A  eaptBlllTftipa  ••••er  t>  mmw*  praamr**  A  MteMlA*  Mhnb 

«r  •  c«pMttl«*  pr«M«r«  pt«k-iir  !•  tn  7i«»  Tht  toMlif  •t  tte 
•tttar  It  tttntd  Ttm  Imv**!*!*  Tm  <Ai»k— —  of  IT*  t*  ir>i~ip  Mmat  M  M*  af 
14*  pl*l*a  *7  •  vtrlaU*  tt9*»iUt  U  0^  m*  Th*  MtMd  ^*«*  ti  14*  •MMltw 
!•  4*U  U  plACt  4^  WMM  *7  •  4*ll*«  «jliBtor  Md*  *7  prtind  |BMt«*d  Mlal 
mi*.UA  Mi  Mrvtas  At—AlMMualy  ••  a  •*•!  Ter  I4*  llfati  Miel  (te  14*  titmA 
14*  K**Mr*>t1i(M***«  *7  14*  ilaMreji  feiU)  a*i  m  14*  •leelrUai  UMlailM  *7 
I4e  plate*  T4*  ««»*<>  part  *7  14*  trMMittar  1*  flMai  t*  lujaae*  eealtn* 

141*  traaaelttar  aaa  aaaaere  praaeeraa  *«a*l  t*  15  ki/M^*  X%  tm  epeeate 
at  a  taaparatar*  *7  14*  iTeaHlaj  aeilae  ep  t*  lM»i50*e  eai  al  teipefefrae  *7 
14*  Il4*t4l  Mlel  ap  t*  450*C*  14*  aaaeratf  U  lataeaUiac  pfeeaara  1*  t.  0.715  4|^«^* 
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A  rjT  copeeitiTo  pickups  la  tko  liiatebility  of  ealibratioEi  c&OJcl* 

'  ■  t:  p  r^tuio  "urititicss  cf  tfco  liquid  s^^tal*  la  •  result  ot  thla  they 

i'i;;  !  ui  Ui  .  ccupt  _cu  cii’y  ao  proacure»e?^paal  tracssiltterc* 

Ll v.r '.rio-*caljtui!Co  rr«?nc,iir"  trci;i::iltter» ,  co&aletiD£  of  diaphriHja  aonaors 
vith  atiulD  (iHijoa  attcchoi  to  the  dinphraasia,  turned  out  to  ba  leas  suitable  for 
th-in  types  of  treii'_:lttere  Ju*t  dlacuaJad^ 

Kiev/  r;-  -ror*  Fercjusent-uagnet  flovsatara  bSTe  roc  eland  the  widest 

:  !<'.o  for  L  :  curiri;  llouV.-n’jtsI  flow.  Tbie  type  of  flovzster  eonslsts  of  a 
re;.  r.'tie  ;.t:tlcD  of  tLj  liquid-notel  pipeline  placed  batweaa  tbo  poles  of  a 
__;t,  i'j;.  'lly,  ctfiicloca  ctcel  Is  used  for  this  section.  Tvo  electrodes  are 

v-?ldcd  cr  ti-cc'd  to  tha  plpdiaa  at  two  dirrctrlceily  oppoalte  points  located  la 
c  oii'As  pcrpczdlcjlcr  to  tes  direction  of  the  llnea  of  force  of  the  itegnat  end  to 
the  dl.rccticn  of  liquid  flow.  The  indicator  Is  a  standard  mllllTolticatsr  eonnactsd 
to  tho  electrodes.  The  anf  tcuorated  by  the  flovrr>«ter  Is  proportional  io  the  liquid 
x'low  rate. 

romaiieat-risipnet  flotiioters  hsTO  certain  edrantages  OTer  elactrccjafinstle 
floL-otere.  la  using  clcetrcrasgnats  it  1$  necessary  to  separata  the  e^r.nal  cenaed 
by  tUd  Inductance  of  the  oognet  coll  froa  tba  signal  generated  by  the  liquid  flow* 
?urthcrcore.  clectroaegnate  require  Toltage  regulation  for  the  winding  supply*  It 
Is  adTlBobla  to  usu  alactroaegnetic  flowsatars  in  neasurlng  flows  of  liquids  with 
high  electrical  resistance*  la  a  rule*  per&anent •magnet  flo'iaaters  ers  used  la 
liqnf.d-sotal  systont* 

As  shown  by  azperieneo  in  tba  oparetlon  of  sodlta  circuits*  thess  dewleas  do 
not  iutroducs  edultional  hydrsulle  rsslstenas  ie  iee  eysten*  they  can  operato  OTsr 
wide  rangos  of  teeaperature  and  discharge*  and  they  hay#  high  saAsitiylty  sAd  fairly 
lellabla  calltaratioa* 

If  moasuremant  of  tbs  flow  docs  not  bsTs  to  be  aspeeially  seeurata*  the  mag* 
natle  fioMMtar  can  be  installed  without  preealibratlcn*  Ccnputatlons  for  a 


Best 


flo«Biot«r  «-•  Mda  la  tba  foJlowiac  HUttar*  Tha  mt  daralepaA  bf  it  la 


£  -  BV4  io-». 


(57) 


wbara  K  la  tha  aaf  la  Mlcraaoltai 

B,  tha  na^atla  ladaetlaa  la  tha  g»p  batwaaa  tha  aagaat  polaa»  caaaai 

T.  tha  Ui'-'l'l  flov  rata#  ea^aaat 

d*  tha  latarnal  dlaaatar  of  tha  Blpallaa*  «aa 

Sararal  corractlca  factera  auai  ha  latredacad  lata  fhnala  (97)a  Tha  Tint 
of  thei  (X^)  aeeooata  for  tha  alactrleal  raalataaea  of  tha  plfa  wall  aad  la  daflaai 
hj  tha  fomlai 


()»> 


whara  ^  la  tha  ratio  ef  tha  tataraal  aad  axtanal  dlacatara  of  tho  flHl 
B 

la  tha  ratio  of  tho  aloctrltol  raalatlwltloa  of  tho  ll«al1  ( )  aad 
tha  Mtorlal  of  tho  pl»o  )• 


ru*  tf3*  Oarfoattoo  foator  !•  fwala  (IM)  fhr 
■^pMtlo-flawotoa  oalcala>toor» 


9  ■’ 


Th*  fMtor  ^  1«  lBtrodiit*4  lata  (97)  oal/  i*«a  aoipatlac  far  fl*v> 

M«t«rs  whoa*  plpaa  kava  eoadMtlic  Mila* 

Tha  eonractlTa  factor  Sg  accauata  for  tka  Baaaalf(«mlty  af  tba  aui^atla  flal4 
alone  tha  laneth  af  tha  ptpa*  Tha  Talr.aa  of  *2  ara  glvan  fraphlcally  la  fie*  193 
aa  a  fuaetloa  of  tha  ratio  of  tha  laaetb  of  tha  pala*plaea  of  tha  aai^h  to  tha 
latamal  dlaaatar  of  tha  plpa* 

flnallpt  tha  eorractloa  faator  1^  ocaoMta  for  tha  offaet  of  toaparatara  oa 
tha  propartlaa  of  tha  aacnat  aaA  aa  tha  alM  of  tha  e*P  oatvaaa  tha  polaa*  2f  tha 
tMparatura  of  tha  aaenat  chaneaa  rrem  to  t2*  tha  faator  1^  oaa  ha  faaa4  hf 
aaasa  of  tha  aqaattoni 


*.  (99) 

I  ^  10  ‘tU-  itj 

abaro  ±  la  tha  laaeth  af  tha  ftP  hataaaa  tha  aiiptal  palaa*  aai 

la  tha  laaeth  af  tha  haaa  to  vhtch  tha  ueaak  la  attaahat* 

)m  !•  tha  tetparatura  af  tha  MiPat  la  tha  alaUltf  af  Ita  paiaoa  *6| 

le  (*  taaparatara  of  tha  aa^at  U  tha  alaUltp  af  Ita  haaoa 

l|X  la  tha  aa^tla  tafaatlaa  la  tha  tap  hataaaa  tha  palaa  far  a  aajhat  ta»» 

paratara  fj*  taaaat 
At  U  tha  aaaa  far  a  tMparatara  },• 

hUaaiat  far  tha  aaaraatlaa  faatara  I)*  Ip*  «i4  |^*  Mnaala  (9D  appaara  aai 


f  -J.a  -w-*Yavr^*, 


(IM) 


a  tha  laaeth  af  tha  pala>plaaa  U  oaiarataah  ta  aaoa  tta  tiaaaatan  alaap  tha  tlfoa* 
ttaa  af  llfalt  flaa*  If  tha  pala*ptaaa  haa  a  alraalar  araaa  aaatlaa,  thla  tMaaMPa 
la  afaal  ta  tha  tlaaaMr  af  tha  aln&a* 


J 


2.  Is  tlM  Mf  la  Miaxo^tai 


A  U  ugattie  iBdtwtiea  la  tha  gap  batwMB  tha  polaa*  aaaaarad  at  a  tM* 
paratara  of  gaaaai 

S.  la  tha  aolwatrie  flow  of  llanid  aatalf  ^/toari 
d  la  tha  latanal  dlaaatar  of  tha  plpallaa*  wm^ 

Tha  alaetrleal  raalataaea  of  tha  aoatact  hatwaaa  tha  vail  of  tha  plpa  aad  tha 
llqold  vaa  oot  takaa  lata  accooat  la  dariwlag  St*  (IM)*  XiparlBaat  aheva  that  tha 
praaenea  of  tha  raalataaea  a«aatlp  affaeta  tho  raadlaga  of  tha  flewMtar*  Xt  aaa 
ha  aaaoxtd  that  whaa  tha  valla  of  tho  plpa  ara  vottad  hp  tha  lltald  aatal  (aa  la 
tha  caaa  of  aodlta  olrculta)  tho  valva  of  tha  eohtaet  raalataaea  ta  aagliglMp 
aaall*  flga*  194  throogh  197  ara  hoaegraaa  aad  grapha  far  earraotlah  faotata 
vhleh  cake  It  poaalhla  ta  aaka  approalkaka  calealatloaa  for  aagaatla  flawaataga 
vhea  thap  oparata  with  aodlua  aad  Ka*I*  Tha  nlaa  for  applplag  thaaa  laaeffaM 
ara  Idaatlaal  with  thaaa  for  tha  aoaogrcea  praaaatad  ta  ftga*  4l  thraagh  44 
(Chapter  1X1)* 

hhaa  tha  flovoatar  la  U  aaralta  It  ta  parladttallp  haaaaaaiy  ta  ahaak  tha 
atloa  of  tha  aaghatta  ladaatlaa  t;  at  high  teaparataraa  tt  ^-odoaUp  fatlp* 

Tha  aatartala  of  tha  pipe  aad  tha  alaatrodaa  waldad  ta  tt  ohmlt  hat  tf 
paaathia*  tdoattaal  ta  avoid  tha  appaaraata  of  paraatttaal  tharaal  aBf*a*  lioavar* 
tf  dtaataUar  aatartala  aaat  ha  aaad*  taaparatara  dtffaraaaaa  hatwaaa  tha  waldad 
patata  af  tha  alaatrodaa  ahaald  ha  awaltadi 

U«ald  aatal  flaw  la  aiaaaril  aat  aalp  Ip  amfaatta  flawaatara*  althaaih  thap 
have  raaatwad  tha  wtdaat  aaaaptaaaa*  Ptaadatd  aaaila»tppa  fla«atara*  with  apaalal* 
Ip  haatal  praaaara  Itaaa*  aaa  ha  aaad  far  flaw  aaaMmaaata*  Xa  wader  ta  Mwaita 
tha  priaam  head  la  tha  aaaala*  haatad  diff«aattal  aaaaMtara*  ftl*ad  with  tha 
»mm  IMald  aatal  aa  tha  oattra  apataai  ara  eaplapai*  It  ta  faaathla  ha  aaa  haatal 
laalolaeaa  whiah  ara  portadlaallp  fad  hp  laoih  paa  aad  whtah  aaparata  tha  aaaitp 
af  tha  aaaaaatar  ftaa  tha  ipatMi 


iH*  •r  tk*  •r  •  mum 

(•)  %l«Mtrt«  n*«»  v^/kMri  (k)  mti  (•) 

•iMtnaittf*  atarvivlMi  (i)  «uillMy 

tiMi  (t)  *Hk>***  n«a«  fMMi  (O  UttmH 


It* 


Llquia»B3tal  BWMtffwnt*  Th«  alBplMt  isdleater  of  aotal  1«t*1  la 

any  roaarvolr  la  a  ecndactlag  rod  lovarad  into  tha  rMarrolr  to  a  cartala  doytk 
and  ljuulatad  alactrteallf  frco  It.  Tha  rod  la  consactad  to  a  lov-TOltaca  clrealt 
«>4ek  la  oloata  «han  Ita  aed  eoaaa  loto  coatact  witk  tha  liquid  aatal.  Tha  loalac 
of  tha  circuit  actuataa  a  vlcual*  aud.o*  or  aoita  othar  tfpo  of  al^al*  Spark  plnea 
of  iBtaroal  ccrtboAtloa  acdltioa  with  oloa^atad  eaatral  alactrodaa  caa  ha  oaad  for 
latal  ladleatcra*  Tha  eontact«typa  ladlcatora  aro  uaad  aoatly  to  alyaal  chaa(oa 
la  Icicl*  A  dlaad«aata£o  of  thaao  ladleatcra  la  coatlauoua  oparatlea  la  that  tha 
si'tal  vapora  cccdeaao  oa  tha  laaulator  at  tha  peiat  ahara  tha  red  aatara  tht  raaar* 
Tclr  (tf  tha  tt=;cratura  la  thla  apot  la  ralatlvalr  low)  aad  eauaa  a  abort  elreait* 

If  tLa  lodloator  operataa  at  high  tt:::peratura»  tha  iuulatora  pro*#  to  ha  laaaf* 
flrlestlp  atahla  la  aotal  vepora*  aa  ahewa  ty  aaparlaaca  la  eparattaa  aedlua  etroaiioa 


n««  1)5*  Oarraatlaa  fM«a»  far  «'lM^  fhr  tha 

faiad  valaa  of  aa#  aT  a  aaghatla  aedlM  flawatar# 
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f.m)  fU».  (k>  wTi  (•)  tlMU** 

■Mtf*  fMM.  («)  MttilWT  UM|  (•) 

w^Mtte  rt«B«  ••«••»  (r)  to««»a  4Uba«»  ■•• 
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Qectrleal  Indicator*  of  •  aor*  eooploz  daaigBt  n**d  to  m*««tu>*  ih*  1*to1  of 
radioacti^j  aodiuB«  viiich  bava  ahcva  high  dopendablXitj  ondar  coatlnoev*  oparatlM* 
ara  daaerlbad  b*low«  Two  tjpea  of  IotoI  aatar*  war*  doTalopadi  with  two  rods 
fixed  to  the  upper  eorar  of  a  liauid-oatal  raaarvolri  sad  with  a  tuba»lika  red 
fixed  to  th*  twttoiB  of  a  rcaar^ir*  Th*  gasaral  appaaianee  asd  tha  electrical  eir> 
cult  of  the  first  tppa  of  loTtl  setar  ara  sbowa  is  flg<«  19d  and  199*  sod  a  gaaaral 
Tiev  aiid  th*  circuit  of  th*  aaeond  tppa*  la  figs*  200  and  201*  The  differeaee 
between  tha  nazlBua  loTala  neaaured  bp  thws*  daeicas  is  aboet  IfOOO  k*  Thejr 
function  on  th*  asae  prlneipla*  Th*  liquid  mstal  in  a  raaareoir  aborts  evt  cartala 
sectors  of  the  rods  (2)  (Tig*  199)  batwaea  thaosslTss  or  taps  soa*  of  the  reals* 
tane*  of  th*  cylindrical  rod  (l)  (Tig*  200)»  abcrtlng  it  with  th*  resarvelr  heoalage 
AS  con  be  seen  froa  the  circuit  (Tig.  199))  the  total  Bsasnrad  restataae*  of  th* 
IcTal  Koter  of  th*  first  typ*  is  dstamiasd  by  th*  length  of  th*  aeetien  ef  rods 
aboTa  th*  l*Tal  of  th*  liquid  netal  as  wall  ss  by  th*  resistance  of  a  eerrespeading 
section  of  tubes  (J)  (s**  Tig*  199)*  Kcnc**  th*  total  resistance  ef  th*  1*«*1  af 
th*  first  t}p*  is  not.  a  linear  fuction  ef  varlstleiis  in  netal  1*?*1  in  eontrast 
to  tbs  second  typ*  of  l*w*l  otters  tha  raslstane*  of  th*  tabular  rod  (1)  (fig*  800) 
if  which  la  <*ir«utly  proportional  to  loval  wsriatlca*  A  standard  rosUtana*  is 
built  late  both  d*Tic««  and  sarr**  to  calibrat*  and  check  thf:  fuaetteaiag  ef  th* 
eloetrleal  ae^rnrlag  clrcalt.  A  epocial  roaietane*  ie  evitebtd  lat*  th*  airaait 
tc  "oavansate  for  roaistaae*  warietiena  in  th*  red*  with  tauparatara  TarlatSsM* 

Tha  oaziBUB  arror  in  1***1  ■aasnraneat  awaata  ta  9f« 


177*  Corr«etlT«  fMtor  for  taatporoturo  |-100^C  for 
tha  eoa^utt4  valaa  of  «af  of  •  aacootlt  NobI 


FIc*  19A.  OooMo-rH  olfttrU  ItvU  MlMMr* 

(0  pnuttiim  iMiUti  (t>  (M*|  t>)  totai* 
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fis*  199*  Circuit  of  •  doaUu-rod  tluctrlc  lovol  tadleutor* 

(I)  rociutucui  (9)  rod  rctlotaDcoi  (j)  llduld 
B«itol,  (4)  coopMeatluf  rMlatuMti  (5)  ataBdard 
rtalataacai  (d)  pawar  aupplyi  (7)  aad  ft)  t«  UdI* 
eotlac  daataa* 

Tha  daalc  faatara  adcaratlp  affaatiac  tiM  aparattaa  of  alaatrta  laaal  aataro 
ara  tda  raalataaaa  of  tka  Koaawtag  rod*ll««ld  aaataat  aad  tka  aaaaBtlatlaB  aT  a 
layar  of  Itduld-aatal  aaldaa  aa  tka  rod  airfaaa.  Xa  aarklat  aadlaa*  aaataH 
raatttaaaa  ta  aetlaaakla  aaly  durtag  tka  ftrat  parlad  af  aparattaa*  toa.»  MtU 
tka  rad  la  aaaplataly  wattad  ky  tka  lt«aU» 


! 
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n<*  201*  Circuit  of  •&  oloctrle  tutulorrod  IotoI  tadleotor* 
(l)  «b4(2)  coopouatlBd  roaittoaeoai  (J)  atM^ard 
raalatucai  (4)  roi  raaiataacat  (5)  ll^atA  utali 
(4)  aa^rO  tc  indlcatiac  darlcai  (6)  power  aapplj* 


neat<tvp(  laval  U41aatora  arc  alao  uaad  ta  Baatora  U««14  latal*  Zi  ttaaa 
dartcaa  of  aara  cos;Iieatad  4aai«B«  tha  diaplaeaaaat  of  tPa  float  la  oanallf 
traaaalttad  to  oa  iadlcatlot  4a?lao  tbrove^  a  diapkrai^  tallow*  or  aaaa  othar 
alaatia  alaoaat*  Tta  to4iaattc4  4aaleo  aoroiata  of  a  woltaator*  aa«  tto  aMaal 
traaaalttor  la  a  bstIbc  traaaforaar  aoro*  noat»t7pa  lavol  iadlaaUra  woro  aa4o 
ta  aaaaaro  lltuld  laaola  froa  JOO  to  1*900  oa  at  oporatlac  twporatrvoa  ap  to  400*0a 
Ttaoo  loataoo  tavo  t%o  followlat  41aa4aaatacoo« 

1)  Paadiaoa  of  tto  4ovlao  4apao4  oa  tho  4oaaltp  of  tho  lltal4»  aa4*  oaaao» 
oaaatlpt  *orp  tofoUar  with  aUacoo  la  Ita  taaporotaro* 


a)  It  la  lapoaalUo  to  aaka  loaol 


et  oa  tfearo  lo  a  alwlaal  paralaoltto  float  aolwo  otooo  oalao 


la  o  aaail*«apoaltp  taalu 


ataroatariatlao  of  tho  olaotta  olai 
Ito  ortar  of  floot^tppa  loaol 


to  to  otoal  ±  IS  or  tto  llaSUat 


aalao  of  tko 
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ChAPUR  VII 


CPiUA^ICN  CF  Ur-rXD-MTAL  SYisnMS 
(Q^FLUATAtSIYA  ZHICXCKFTilUICHESKlJai  SlSmM) 

The  us*'  H'-.uii’  ns  coclMtts  ltitrc>4uc(S  aptelal  f«*tur*t  lit©  th© 

crtrfiticn  cf  lehcrt-'ijj  ^rd  Itdustrlel  plar.tti.  This  fret  sppllrd  to  all  tbe 
ur^er  cor.^lJt-rrticr't  altt.cii^h  (Lt-  elt:a\l  net<-1*  poasees  specific  properties  tbst 
ptrrilt  their  esperatt  cci.slderxtioB* 

Ezperltr.co  Ic  the  operetlcn  of  systtAs  vltb  s'Mislkall  sett  Is  bsalesllp  vss 
eer.uircd  dunt^  the  study  of  rcreui^^vster  pevtr  plcrts*  ISonalksIl  actsls  sr* 
dlstU^'^Uh.ed  b}  their  relstlTcly  t^*»t  cheelesl  itihlUty  ux4er  staospiicrle 
dltiorst  This  f>*ct  ccreld»r*hly  fsetlltaUc  tU-lr  use  duriiy;  tbe  finisfe 

r*p«lr»’.i  cte.«  of  ayettcr*  Cooferr*  ly  the  ftrecc  cbtsleel  aetiTity  at 
slksll  c  -u$ts  sddtttosKl  eperatir^  dtrileultlea*  £ueb  dlfflculttea  are 

ccar.icted  beth  with  the  pretence  of  adlltt(4u»l  ciatplea  e^ulpeent  Btetaiaz7  for  tba 
protectlco  of  eetels  frt«  oaldetlta*  fur  their  purlfleetloe,  for  tbe  vltbdrewal  of 
ssKplcat  et«.«  at  veil  es  vltb  tbe  cr****v  dancer  to  the  atteuUept  peraoMieJ  1^ 
bereat  la  tbe  use  of  Kb,  oad  I4»  due  prlaartly  t©  their  blgb  lafleaMMlItyt 

Frobleaa  la  purlfyicc.  s^tspltnc*  ete.,  ere  elao  eaccurtered  la  preatice  ta  tbe  aaae 
of  aoaalhelt  eetala,  but*  as  a  nle*  tbey  caa  be  aoteed  eery  eaelly*  Mitbede  at 
purtfyiac  ecae  cf  tbeee  ■eit.lt  uaad  uadar  Ubeiettey  acsdlttcaa  art  daearlbed  !■ 
Cbaptar  ZI«  *Cbaaltal  Ptoitrtlea.*  Nettada  at  puriflaatlca  at  aoesUuilt  aatala 
uaed  la  ladoetry  bae*  received  liHle  etvdy*  fbr  «seac>}e,  it  la  bama  that  aareerf 
■ay  be  purified  by  ualag  eubstabtea  (tttealu**  ai^pieelur).  whleh  blai  aertata 
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li&puritifcs  (oijrgeE  la  particular).  Into  Icaoluble  coapounda  vkieA  float  on  tho 
liquid  aetel  and  can  b«  renoTt^  frcn  ita  aurfecat  if  need  ba* 

The  method  of  operation  of  liquid-metcl  power  plants  is  gCTcmed  by  tha 
follcwingi 

1.  Tha  preaence  of  an  inert  gee  in  tha  ayataa. 

2*  The  n<tceasity  of  aar^lin^  the  aetel  to  detarmlnt  the  coocentration  Of 
oxides  and  otb^r  Ispurltiaa* 

3.  The  utilisation  cf  dsTicaa  for  purifying  tha  natal  that  are  eharaatayto 
iatle  particularly  of  sodiua  eireulta. 

<t.  The  neeesalty  of  special  haatins  for  tha  ayataa* 

S*  The  cppenrtirea  cf  ccnaldareble  intcrr.nl  streasaa  In  tha  structural 
n<t<iriel  durlr<;  fluctuations  la  tha  tasceratura  cf  tha  liquid  aaital* 

40.  Prc;«  rltv  tha  Siatan  for  Onaratien 

L-  whf/a  Testa.  l4«ha.ia  taata  of  tha  circuit  are  nada  in  tha  followicf  wayai 
1*  By  ch«kin<  tt.c  leakage  of  har'^aacc  filling  tha  apaca  baia4t  taatad* 

2«  By  hydro* tanplinc* 

3*  By  XTeys  «cd  caoM  rayo* 

4*  iv  dctcctiac  leaks  with  a  haliua  look  dataatar# 
the  latter  Mtsed  ia  tha  aoat  reltehla*  Vhaa  a  aaauua  axlata  within  tho 
centniaar  hatne  taatad  and  there  la  a  baU>«i  oadtuB  outaida  cf  it.  a  laak  dataotar 
with  a  aenaltlra  aoaa  apaatroMtar  aakrs  it  pcaalkla  to  dataat  a  track  throng 
whloh  tha  iaakoca  of  hoiliaa  aaeunta  to  no  «  ro  than  2  *  n^/hr*  Zf  tho  «ino 
of  0  holiua  look  dotoatoe  u  naithar  pooalhU  oer  fooaihla,  Itok  dotootaro  «till»> 
lag  hologcn-aontoiniin  orgaaia  notarialo  taqr  ha  «oo4  to  loooto  tho  look* 

Vhan  tooting  tta  loaktlghtooaa  of  o  tontainar.  good  raoulta  ora  oonotinao 
ohtaiaod  Ig  aroatiog  oir  iraaaura  io  tna  aootaioer  or  tg  araotlag  prooaoro  fvoa 
o««o  othor  goo  oad  Ig  ooatiag  tho  turfoao  of  woUot  fl<ogo  nnionoa  otn*  with  o 
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soep  emulsloa  before  teatlcg  tLen*  HoveT6r>  th^rr  bare  been  caaea  of  leakage  of  a 
lltl’ild  motel  la  plscea  where  gna  bubblea  were  not  obaerred  during  aoap  awlnloa 
teata* 


Prollulnarv  Washititf.  Before  the  elrtult  ia  loaded  with  metal,  ell  cf  ita 
eexpoaeata  must  be  ecsp\atoly  eleanacd  of  foreign  mniter  (dirt,  oil,  ate.)  wbieb 
might  rc(‘;;t  with  the  ll(,uld  metal  aftervarda  nr  elaa  clog  up  the  main  dueta. 

To  remcre  trocea  of  oil  or  gror-se  from  the  ietemal  surfaeea  of  the  plpea, 
▼aiicus  degreaalr.g  ageuta  ure  used.  These  aurfaeea  may  be  treated  with  plekllng 
aclutlcaa.  It  la  csseatial  to  enaur*  that  after  washirg  thar*  tHaaaln  no  traeaa  of 
wetting  amterial  in  the  aysttm.  In  pu'tlculer,  tr'icee  ef  agenta  cont6in> 

Ing  hydroenrtora.  Aa  ia  known,  tba  preaecse  of  hydroctrbona  la  a  ayatea  can  cauM 
eerburizatirn  of  the  aurfrea  of  atMnleaa^atcal  plpea,  while  the  praaenea  ef 
balogen-subatltutad  hydrocerboca  la  aodlur  and  aodlu»»potaai<lttB  alreulta  la  avaa 
mcr*  datgeroua,  alr.et  these  subattneta  raeet  elolaetly  with  alkali  actaia. 

The  xost  eotivenlant  way  of  raBC'rlt4  vattii<c  catarlala  trm  the  elnult  la  to 
use  water  tnUrlrf  under  atreng  pressure.  After  thla  weahlng,  the  elxt«4t  anat  ka 
carefully  dried  In  a  recuiia  or  la  a  atreiji  of  inert  gaa* 

C:<tlal  ferturei  in  the  Pregaretlcn  ef  3o!lw!  fvr  Chi  iJii^  Ihta.  tha  Itwat 
Hant.  Bsfue  filling  a  aysttx  with  aodiua  It  is  ntccaaary  to  eorafallg  tree  tha 
aurfoee  of  tha  a*  *1  frta  oilda^  and  frt«  tha  layer  of  luhrteant  whleh  praaaraaa 
tha  aaul  froa  eaideticn  while  It  la  being  kapt  ta  Iroa  harrala  or  ether  aoatalnarae 
After  prwllalnary  aKUnieal  purlfteatlea  af  tba  attrfaea  layer,  tha  aodlua  la 
loadad  la  ladieidual  hloaka  or  brl^wata  Inta  tha  aaltlag  tank,  whtra  It  ahauld  ha 
kapt  at  a  teigtaratura  of  a»ar«kla«talp  ^0*e  for  aaaaral  daya,  thaa  yartlaXly 

^  TO  raaoaa  tha  aalda  ftla  frea  tha  aorftaa  af  tha  aatalUt  aodltau  a  Kvaol 
•olatlea  of  laoyrepyl  aleahal  ta  karoaaaa  la  rianaaaadade 
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cloanslng  the  nitel  of  org&Die  aubstacces*  Tltes.ln  ordar  tc  renoT*  th*  oz14m« 
the  aodlua  la  cooled  down  to  120*^  and  la  paaaad  through  porcua  awtal  flltera*  th* 
dininetera  of  the  operttogs  of  vhich  ere  no  usore  thas  15  '  •  Thcae  flltara  Wjr  ha 
lu&erted  itito  tie  chergiag  line  of  the  circuit.  To  fecilltata  the  drainage  of 
acdluffl,  a  drainage  li:.e  equipped  ulth  a  %elTe  waa  set  up  parallel  to  the  flltara* 

The  filtera  cuat  be  conetructod  In  such  a  way  thi>t  they  eat  be  raaoTed  fren  the 
circuit  for  cleaning  and  waahlng* 

For  prelinlntoy  purification  of  aodlus*  filters  In  the  fora  of  e^d  traps  aa^ 
also  be  used* 

rre-hf.’tlr^  the  Circuit.  Before  bwing  filled  with  liquid  aetal*  the  entire 
power  plant  cuat  be  Us  ted  to  s  tezpereture  exceeding  the  aaltlrgt  pclnt  of  the 
metal*^  ilectrle  end  atcs':  besting  are  used*  the  foraer  being  acre  eoBana  than 
the  letter* 

best  the  section  being  hteted  la  aaall*  or  when  Ita  eotflguratloa  Is  eoapll* 
csted*  s  wire  or  ribbon  wound  ercund  the  section  end  protactad  tqr  a  haat*realntMit 
aleciriicl  insulator  any  es  the  htatar*  Ih  heat  Isrgs  saetloas*  heaters 
eidt  itileidually  In  the  fcra  of  aerasCc  cores  cr  tubas  with  wire  or  rlhhes*  ets* 
wound  around  thra  era  uaed.  These  htatara  ere  etteoned  dlreetly  to  the  surfete 
being  haeteg* 

Blcetrleal  itdwstlos  heating  Is  effaetlaa  for  ccapoassts  asda  of  asrhea  stssla 
Ncweaer*  whts  applied  to  sustastUo  stsels*  this  a*thod  requires  s  eurrest  of  esty 
high  frwqttatcy  ssd  Is  thtrefere  sot  egweatsgsses* 

Ste<es  hestlsg  tskes  plsos  ts  ths  reUoelag  wsgr*  Oat  pips  or  sseeral  ptpss  sf 
saall  dliMter  through  wstcb  stsaa  elreulsus  sre  pissed  is  gtreet  sostsst  with 
ths  UquM  asUl  dasU 

Ths  clrault  ssut  hs  hasted  la  sash  s  asp  thst  ths  tespsrstars  la  gtftsraah 

^  3odlu!»*potatt!<«  tlrcults  aswsllp  ga  sot  reqaire  prwhssttsge 

» 
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'•*01101:8  is  approiimattly  the  a«M  all  of  ths  tijne.  It  la  denlrnble  that  tha  rata 
of  bel  t  increeae  sbvull  not  exceed  5-10  degrees  per  hoio-.  These  aeesurea  sake  it 
possible  to  BTcid  ezcesaWe  streasea  in  the  structural  aeterial. 

y;,l'ur.v  tog  ^ysttB  ^Itb  U'luld  ^V^t«l.  I'efore  being  loeded,  the  syatea  la 
eyacuatfd  or  tilled  with  an  inert  gt.s,  al^ter  the  latter  has  been  blown  through  tha 
sy.'t  r,  r.ptat€-dly  for  the  purpt^e  of  reirorlng  all  tha  oxygen  fro*  It.  Vaeuioi 
flllirg  •,<.>  be  usod  in  these  etses  where  gno  pocleta  may  form  In  the  circuit, 
ourlrv  fillir.t.  the  M mid  »;;•  ert^r  tfce  nj-teai  eitnjr  under  tne  pressure  of  aa 
Inert  gMs  aboTe  the  level  of  the  nv  tc  1  In  the  load  tack  or  else  through  the  action 
of  grtvity.  3c:iitir-«3  the  n<-t».l  la  purped  into  the  circuit.  T1»  flrat  of  tha 
t.lviv‘;-renticiied  o-thcds  la  the  eltupleat  nr.i  sneit  cccTeclent.  The  •cecnd  asthod  la 
rerelj  used,  aif.ie  tne  iota  t*  ck  la  freiuently  a  drainage  tank  at  tha  aeae  tUM 
atd  is  therefore  loet  tel  it  the  lotar  part  of  tha  circuit. 

Tefcrt.  cht  rgihg,  the  tvxpen.tura  of  th.i,  b;  tnl  In  the  loid  Unk  BMSt  U  ap^raa* 
Irntely  *  .v!bI  tn  the  t**s;ur- tur#  of  tha  heated  elicult. 

d  'Hd  ecdlusa  sn}  b<  charged  into  the  load  tank  with  the  aid  of  tha  double 
lock  aoewt  In  fi«.  ^C<.  Tbs  n>dtus  hn^uet  being  leaded  it  placed  Id  tha  Itiarw 
vdiata  chaBber  of  tha  lock*  after  it«rt  haa  Ueb  llowu  through  it* 

Ue»l  indicMcra  for  the  n^tel  In  tha  load  tail  and  Id  athar  part*  of  tha 
f>*t<a  strra  tc  regilata  tha  prcceaa  of  eUrgUg  tha  circuit.  Tha  atwglDg  pi*> 
eaaa  wy  alee  U  ragulatad  ncecrdtng  tc  the  rtadlDga  of  thenaaeo>iplea  located  at 
carious  avcliuiui  of  tha  ctrculte 
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rig.  2C3,  tcublo  I«ek  for  Loadtag  Sodlua  Into  th«  iMd  Tiiik* 

(1)  A  briquet]  (;j)  (3)  In«rt  {(oa  fa«4|  (4)  Task* 

41.  9t 

luoktgK  of  llquti  ofttl  froa  tb«  circuit  lato  the  aurrouallDC  aadlua  or  1  to 
tb«  circuit  of  taolb*.*  say  have  dar.itcroua  eoaaa^uooeaa.  Ibo  datroo  of 

lavr  fr<^  a  IvAk  la  daUr«i;.«4  by  a  mucWr  of  foetorai  a.f..  tOa  alaa  aod  lo«»* 
ttoa  of  tb«  Ic'kt  tha  Ua;aratura  of  tba  liquid  <a>talt  ate.  >ihat  chaeklnc  ^ 
Uakti^btoaaa  of  tbe  a  -s  it»  opcro'.iqc.  areatal  •ti*ntt»  auat  ba  glaao 

to  tba  walla,  aaptslally  t'.tosc  wclda  to  wbteb  aietaaiat.  eoocaatratlCM  of  totaroal 
atraaa  arc  peaalbla  (t^  vl«cao  wb*ra  tba  tubas  ora  wtldad  to  tba  tuba  abaats  ata.X  }  « 
A  loakaca  of  wul  oay  occur  aa  a  r«ault  of  brookdowo  of  bailout*  obabronot.  or 
otbor  tblo«uolUl  a<r.^ooaata,  ood  alao  oa  a  raoult  of  poor  oaaltty  oouMfsatara 
aad  uoldia<  of  tubua  (olat  laaluaioca.  ooofwaloo).  ta  a  laoaar  dcoraa  tba  laobafa 
of  oatal  tbroo^  a  aroAk  aoy  ba  aaoaai  bp  aorrealao  of  tba  uolla  of  tba  tobao  or 
tbo  boobeoaabaoccro* 

Xf  tba  Mtat  aaaaplac  la  radtoaatlaa,  daaiaaa  aants(  to  aaooura  tbo  oatlaltp 
of  tba  air  SMat  ba  oaad  la  ordar  to  dataat  It.  baouatloc  of  tba  Ucol  of  tbo 
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liquid  if  th«  «zper.sion  la  another  indication  of  natal  laika^.  Howevari  tUla 

iifthod  in  not  very  reliable,  since  teaperature  fluctuations  in  the  ayataa  hava  an 
effect  ua  toe  le^el  of  the  liquid* 

a  lenkaije  of  K's  or  I'n-K  alloy  in  a  circuit  is  noticeable  because  of  ih#  ltbat«> 
ation  0*  white  fjua.a  of  i.ollum  ojilds.  Tiit-  fun^s  stj'  be  detected  either  Tlaualljr 
or  with  the  aid  cf  television  i..iulpiarnt,  photralectrlc  eella,  or  ebanleal  all^ 
eaaTyzara* 

Tha  most  rntvnieut  and  reliable  mtnud  wf  delecting  a  leak  la  baaad  OB  tha 
closing  of  ui  eK'Ctrie  circuit  by  the  eecnpin^  cuetal*  Tha  :aain  difficulty  In  tha 
d'-oufticturt  of  ouch  devices  reaulta  froa  the  ccceuiit/  of  anking  a  raltabla  alaa- 
tricul  iniiulutor  for  the  contsea  wire  in  order  to  ensure  uniKr>eded  eontaet  batvaak 
the  coctiping  nvtal  and  tala  wlra*  If  one  contact  wire  la  uaed*  a  abort  elreult 
occura  UtwacR  the  wire  and  the  aurftca  of  the  container  or  pipa  eoBUining  th* 
liquid  se'.al.  If  two  wiraa  are  uacd,  the  elre  at  U  cloaea  between  thea*  TIm 
use  of  two  wirea  ia  prefarabla,  alnea  tha  cloalsg  of  the  elreult  tekea  plaeo  1b  • 
su«U  gap,  aal  tr*  reliability  of  deteetloB  of  tee  leek  le  greeter*  tbe  heat  li^ 
s.Vaort  for  tba  ecsteet  wtrv  art  earuaie  beada*  the  ahapa  ef  which  oBeblta  the 
liquid  to  toueb  Clfferant  perta  of  tha  wire  froely* 

The  poaelhllltlea  of  ualBg  themlatera  tor  deteeitag  latko  (tMOrtltg  to  o 
lotel  laereeae  1b  tcBpvrmture)  IB  thoee  parta  ot  the  aiyateo  where  eoBtaat  al^lon 
ccBAOt  fit  art  helB|  atuttag* 

I'-Mly  deteettoB  of  o  laak  ot  artal  1b  heBUeBchaBgt  opparotuo*  oapatlBlly  b 
alaao  r^fttor*  la  of  great  taportaoae*  Scgiita  ataao  geoaratoro  froqtaotly  haoo 
0  ^rttao  of  tuhOB  with  dowhla  wall#  hatwaao  woith  o  haat-troafor  lotarlayor  io 
leealad*  Aa  laarete#  of  pr—mtrt  It  tha  apaaa  where  tha  iBlarlayor  ta  laoBtai 
iMlcataa  tha  praaaaaa  at  a  laak# 


Ctfeult.  Tt«  perforannce  of  vork  on  aa  ; j^eiftlng  aodluii 
I'lrcuit  r«;qalrea  thei  strtnic  aeisurM  be  liC'.-n  to  aToid  oxldatlcn  of  tha  aatal* 

If  the  circuit  la  re,.«ired  aftar  having  parforaed  a  largo  aaount  of  work*  tha 
■v  't  ..-a  t  rLtir»ly  crai:.«J  of  aodiu*  and  wnshad  thoroughly,  bofor*  tha 
i'tfinra  -r«  atirti-d.  Vhts  the  aiouat  of  vork  perf-inaed  hp  tha  circuit  la  aMll* 
tvo  a.tho’s  of  -litriaai-i  cxidalioc  or  th*  totsl  during  rapalro  are  racruaandedi 


1.  Tha  sodiux  is  <Jr«ir.ed  out  of  tha  circuit  or  out  of  that  j>a;'t  of  tha  clr» 


Cult  vh  sh  is  to  he  rtpsirtd.  After  the  pr»ajura  of  the  inert  gsi  In  tha  aratoa 
hns  Uea  ievrtred  to  e;rrciisaialy  0,C5  gi**.;e  at.ws,  an  cpenln;  ?0-50  n  la  dlaaotar 
lieyecdlng  cn  :hv  of  t».-  ♦••he)  is  -Irlllci  threu^h  tU  veil  of  tU  aeuUoa 

of  the  tut*  "caed.  An  eapty  rufcht:.'  belloen  (Fig.  ?0t)  la  Inaartad  into  tha 

cpttlEg  er.d  la  filled  with  gnt,  so  that  tha  prastura  la  It  axcaada  tha  praaaura  th 
the  circuit  fcj  0.1*C.^  ataos  aha*  Thua  oxtdatloa  of  tha  a«tal  kt  ataMspharla  atr 


i»  vacjlal,  fpst  drilling  the  hole  for  the  h-’llcon*  it  la  ntetasuy  to  pravaat 
steel  sae»in^  frea  falling  Uto  tha  tsha.  A'ter  the  ivstlca  of  iht  tuta  batag 
rexsTed  has  been  tut,  a  leyer  of  icdiws  aside  forxi  arvund  tia  belloaa  oa  tha  call 
of  the  tuba  sad  »irt  tv  rtxoeed  ei»h  cotton  vcol  or  ulth  a  reg  aotateaad  with 
aleohot.  After  the  dte^jnatlvd  (or  oawlyr  annufaeturad}  tube  aaclioo  baa  haao 
returaad  to  ita  proper  »1mo.  tha  «»a  is  let  out  of  tha  halloo*  tad  tha  talloeo  t* 
raeMead  i'roo  lb*  opaalu#*  lata  lAleb  a  pl«^  ta  tbaa  woidad* 

Tha  aboaa  aatbad  ta  uaad  for  plpat  with  a  dlaaator  of  100  ta  or  ooro.  Xa  tha 
COM  or  twbMwiU  aewUer  dtaMtars.  rwhhwr  ploga  oay  h*  oaad  laatoad  of  Ulia***. 


jrw . 


KUS5k 


f 


U-  *  •«  —i 


Fig.  iC}.  '.1  ^1  b  Kib^er  BaIIoob  to  IVot-<et  ^odiua  fru*  OxidatloB 

Diorlinf  to  tha  Circuit* 

(1)  BallooBt  (2)  tuba* 

2>  To  protect  sodiuA  frua  cxld'-'.loBi  tba  actaX  Itaalf  oajr  ba  uaai  ■rlin* 
clalljr  rr^zao  lo  03<>  of  tba  acotloBa  of  tha  tuba.  Tbla  BAt^^od  la  laaa  ecBvaaiaat 
than  tb«  flrat,  aieca  artificial  fra«xlC4  of  tba  artal  la  a  tuba  of  Xarga  dlaatetAr 
tikaa  ■"  XcB^  tiaa*  rurtbarasr*,  tba  »;at  affactiva  satbod  of  cooliac  a  plpa  with 
uaur  or  lea  la  iBadalasibla  froo  tha  alaupolat  of  aafaty*  Xb  .«raatica»  tUa 
svtbod  la  a;plteabU  to  tubea  do  aora  than  iO  m  la  dlcaatar* 

•Uo  cutt'.n^  tub<<a  eoataiaist  frotae  aodius*  and  pMrtieuXarXx  vhaa  auttlai 
tubaa  r.)ntate(&d  frotao  aediu»>potsaal‘js.  tbt  cattied  InatruaMt  ouBt  BOt  ba 
lubricated  vitb  aajr  olli.  ai^ca  tba  latter  aldoroualy  react  with  aUall  aatala. 
Altar  tha  tuba  la  cut,  tba  aarfaca  of  tba  avtal  auat  ba  preteated  froa  ftiribor 
oaldatloc  ty  a  tblab  lv*r  af  laauletlud  ribboe*  Before  tbe  aeatloB  of  tuba  !• 
ealdad  tato  plaaa,  tba  aodlua  ta  retmad  tnm  ao  laaa  tbot  100  ••  of  tBa  bbU  tab* 
wltb  a  kslfa  or  abtaal,  iBoa  allolBallad  tBa  poaalblltty  of  Ita  aaao^lBC  IB  aolbas 
fona  frcto  tba  tuba  durlac  oubaabuOBt  uoldlB» 

Xb  aaoa  tho  rapom  radwtra  a  abOBCt  of  aap  oaatiw  of  Uo  otraultt  >bo 
ualdlBt  Mot  Ba  doaa  OB  tba  apot.  aftor  tba  aatal  baa  baaa  coBpXotaXp  drolaaS  out 
aad  tba  apatati  flllad  attb  ao  loan  ft*  eatar  o  prtoour*  allpbtUr  aaeoadiBg  that 
of  tbo  olaaopbora*  Xt  U  daalrobla  tbot  tba  alrautt  be  uoabad  bafoto  baUg 
rapotred.  but  Uta  la  aat  aaadotoey* 


it; 
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Va^r^_8_Soji.j3.  Circuit  after  Draining  the  Itetal.  All  the  substances  used  In 
raooTirg  sodium  residue  from  the  system  (vith  the  exception  of  liquid  auaonlj) 
react  ehemically  with  lt«  Steam,  water,  mothyi  eieohol,  and  ethyl  alcohol  rare 
most  frequeiitly  used  for  washing.  When  these  substances  react  with  sodiuis,  a 
chemical  reaction  of  the  following  type  teses  placet 

^OH  *  'Vi  >  r  JL 

v'Ciijrs  the  letter  f;  represents  the  appropriate  radicals  (H,  CI^,  and  Cj 

rvon  the  prsctical  pmtit  or  Tiew  the  fcllcvlsg  partlcularitios  of  the  reaction 
are  important i 

1.  ■'ieneratlop  ox'a large  nuantity  of  heat,  which  can  cexise  e  great  increase 
in  teeperature  in  various  sections  of  the  circuit. 


2,  liberation  of  hydrogen,  which  increases  the  pressure  in  the  systea  and 
Id  certain  cases  creates  a  danger  of  explosion  of  s  mixture  of  hydrogen  and  oxygen 
inside  the  container  or  outside  of  it, 

3.  forxatioQ  of  eo.-npo’unds  ©f  the  NaOR  type,  which  are  Insoluble  in  water* 
alcohol,  etc  ird  can  therefore  clog  up  the  pipe, 

lii  this  ouuhection,  the  possibility  of  Curr;/ing  cut  a  careful  washing  of  the 
circuit  is  of  greet  importance.  The  main  task  is  to  cesuru  that  the  liquid  metal 
is  fully  drained  Dut  of  all  the  units  in  the  system.  The  power  plant  must  ha 
equipped  with  ducts  of  large  diameter  that  ore  capable  of  relleTing  pressure  when 
hydrogen  is  libereted  during  washing.  Hie  sections  of  the  circuit,  connected  la 
parellel,  are  eq.ilpped,  when  poaslble,  with  shut-off  valTss,  which  enable  each  of 
the  sections  to  be  washed  individually.  Special  care  must  be  taken  In  waahlag 
parallel  lines  (etg,,  the  tubes  of  the  heat  exchangers),  which  must  sot  overlap. 
Those  cooponenta  of  the  circuit  which  can  be  removed  from  the  power  plant  are 
uunubii  individually. 

Alcohol  Washing,  The  advantage  of  this  method  of  washing  Is  that  during 
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Tupcrizatloc  the  alcohol  absorbs  the  heat,  and  thus  its  reaction  vltb  sodiua  la  not 
Tcry  violent t  In  coxparisou  with  that  of  Bodlum  and  wuter.  Zn  order  to  Inereaae 
the  chemical  activity  of  the  washing  reagent  during  washing*  the  alcohol  aiay  ha 
gradually  diluted  with  water* 

This  rndthod  has  the  following  disedvontageai 

The  great  infltjariability  of  the  alcohol  and  its  vaporaj 

The  possibility  of  a  sudden  increase  in  pressure  as  a  result  of  liberation  of 
hydrog«.a  during  the  reaction  between  the  alcohol  and  sodium  in  the  eireult*  a 
large  part  of  the  volume  of  which  is  occupied  by  the  alcoholi 

The  pcssihility  of  deeoxpcsition  end  coking  of  the  alcohol,  when  there  are 
large  quantities  of  sodium  residue  in  the  systemi 
The  high  cost  of  the  alcohol* 

The  following  procedure  is  recceznended  for  washlngi 

1.  Conplctely  drain  cut  the  sedlua  end  let  the  cinult  cool  devn  to  a  tea^ 
perature  lower  than  the  boiling  point  of  the  alcohol  (60-7f>°C)} 

£.  Blow  ir.<rt  gas  through  the  systems 

3*  Pour  into  the  circuit  c  ir/ill  auantity  of  ethyl  cr  methyl^  alcohol* 

Add  alcohol  to  the  systetr,  whtneter  the  alcohol  which  has  already  been  poured 
in  stops  boilings 

i;.  Wash  the  system  after  filling  it  with  alcohol  by  turning  on  the  clreula* 
ticn  pump  or  by  stirring  the  alcchol  in  some  other  fashlooi 
3-  Drain  off  the  alcohol  and  add  20X  water  to  it| 

6.  Pour  into  tha  circuit  a  mixture  of  alcohol  and  water  and  wash  the  ala» 

turos 

7*  Voah  the  circuit  with  pure  water* 

^  Methyl  alcohol  reacts  more  vigorously  with  aodlum  than  ethyl  alcohol  does* 
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Ttila  metliod  of  alcohol  veshiDg  la  recoimianded  for  sinall>Bw8l::  ^cwar  plants. 

Water  Vapor  Wtiahlpg.  This  method  of  veahing  has  the  follcwltig  edTastagesi 

The  temperaturci  at  which  washing  takes  piece  is  higher  than  the  melting  point 
cf  ecdium.  thus  I'urther'ng  ccmpietlon  of  the  reactioni 

The  presence  cf  a  gaseous  medium  within  the  system  reduces  the  possibility  of 
a  sudden  iiicreere  in  pressure  in  the  system  as  a  result  of  liberation  of  hydrogens 

low  coat. 

The  dii edTantti^cs  cf  the  method  are  es  fcllowsi 

The  lew  heet  ctipscity  cf  water  vapor  causes  individual  sections  of  the  circuit 
to  bcecffi  overheated  I 

heeuuse  the  water  emtert  in  the  system  is  low  during  the  first  stegea  of 
washing,  the  olKall  fcrmlr.;;  durir^  the  renctlcn  may  he  precipitated  in  solid  font 
and  clog  up  tha  tubing. 

The  following  orocedure  la  recaiaetdod  for  waahlrgi 

!•  Completely  drain  the  sodium  from  the  clrcuiti 

2.  fill  the  eircult  with  Inert  g«a| 

3.  Blow  dry  saturated  or  slightly  superheuti !  water  vapor  under  a  preasure 
of  epprcuicati  ly  1  atmos  aba  through  the  system,  preheated  tu  a  tengirraturt  cf 
120.150®C| 

Peduce  tha  intensity  with  which  the  circuit  is  hccted  and  blow  motnt 
water  vapor  through  it.  Then  atop  heeting  the  circuit  and  gradually  inorvaao  tto 
mola'.v'rt  of  tha  report 

5.  Vaah  tha  ay  ste  w  with  watar. 

Thla  method  of  washing  may  be  rsocosended  for  aamiwinduatrlal  and  tndumtrlml 
pownr  plauta. 

Zsateed  of  atcaai  a  moiat  inert  gpa  nay  be  vaed  for  waahlng.  Ibla  Mkta  ft 
poaaibla  to  avoid  overbeetlng  of  individual  unitaof  tbe  power  plant,  alnoa  tha 
inart  g  a  abaorba  a  part  of  tha  haat  generatad  durU.i;  tba  reaettoa  batwaan  tha 
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water  vspci  and  tuv  iJurisg  the  fln-t  «♦««•  e?  cashing,  a  Dlxture  eooalatli^ 

of  95^  gBs  S’od  5^  water  Taper  Is  blcvs  through  the  slrcult*  Thee  the  feeding  of 
inert  gas  ictu  the  ayatec  is  gradually  stoppedi  and  wesuing  with  steals  and  water 
begins . 

After  the  circuit  has  teen  veeh'.d,  all  the  watei'  in  It  sust  he  completaly 
retsoTed.  Dry  ing  is  done  test  in  o  Tacuum  ot  seTeral  tenths  of  s  Bllllmetar  of  Hg 
end  8t  a  tenperat^ire  of  100»150®C. 

Tdauld  Aamccie  Washing.  The  use  of  ll>iuld  asizo&la  to  remoTs  sodium  residue 
gives  good  results.  Hovert-r,  the  necessity  of  ex-entlng  great  pressure  In  order  to 
llt^uefy  the  asKOEla  (S  etiuce  a':s  at  .‘OOc)  limits  the  epplleebility  of  this  sethod 
♦o  luloihtcry  poi’tr  plants  of  small  slxe* 

The  reaction  between  sodium  end  aimconls  tehes  place  feirly  slowly  and  Issda  to 
the  forsv'tlcn  of  sodium  amide  (KaKI^).  Since  liquid  anaonls  does  not  rsset  with 
the  sodlun  oxide  which  forms  during  the  opereticB  of  the  power  plant*  2  to 

5S  amtioniua  chloride  is  edded  to  the  arstctiia.  AnBoclum  chloride  reacts  with  sodiua 
oxide  for. deg  scdlun  chloride,  which  has  a  lew  solubility  In  liquid  amonle  (this 
solubility  bfflouDta  to  only  by  weight). 

Ai.-Aonium  chloride  should  bo  added  to  the  system  only  during  the  lest  stsge  of 
washing,  when  the  quuntity  of  metal  In  the  circuit  la  eorparatlTtly  aasll*  sines 
snsoclum  eblorlOf  reacts  vigorously  with  sodium,  and  thlr.  reaction  la  aecoopeniad 
by  Tioleot  liberation  of  hydrogen. 

AS  woo  shown  by  aptelsl  studies,  liquid  anuonla  does  not  cause  any  notleaeble 
eorroaion  of  etalnlcsa  atael* 

Destruction  of  Sodiua  end  Sodlum-Potsselua.  If  li  beeoaMS  neoessaiy  to  destxoy 
alkali  Bstsls*  s  number  of  methods  of  performing  tbla  operaticn  esn  bo  reoosnsnded* 

Burning.  Sodium  may  be  destroyed  by  burning  it  in  air.  The  dlisdvsntege  of 
this  method  is  that  larga  quantltlas  of  tovie  white  fumes  (sodium  oxide)  era  formed. 
Alkali  mstala  are  burned  in  Wg«  open  metal  tacks.  Snoke  formation  is  reduesd; 
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vhca  the  sodluB  to  he  burned  ie  spreyed  vltb  an  ordinaiy  atoolzer  (this  nethod  is 
used  is  the  chemical  indUiitry  fcr  the  production  of  aodium  peroxide}.  Tha  aoltsa 
metal  is  fed  into  the  nozzle  of  as  atenizer  by  a  current  cf  elr*  ia  apreyed  out 
nnd  burned  in  a  apeciel  chember.  Most  of  the  aodium  oxide  that  forma  aattlaa  on 
the  walla  of  tha  ebamber.  and  the  residue  la  collected  with  the  aid  of  cyelonea« 
electrostatic  du:>t  collectors,  ate* 

lieatn'Cticn  of  Scdlum  and  Sodlun-Fotasalua  in  Alcohol.  Ethyl,  methyl,  aad 
propyl  alcohol  may  be  used  to  destroy  alitali  metala.  Tha  metal  being  destroyed  is 
added  in  small  pieces  or  drop  by  drop  to  the  veaaal  eontelnlsg  tha  alcohol.  Pari 
of  this  teasel  is  filled  with  inert  ges.  The  reaction  products  era  placed  is  water 
in  order  tc  render  them  completely  barmleaa* 

Is  Titv  of  the  high  cost  of  th«  alcohol  and  the  danger  of  fire. this  method  is 
only  used  to  destroy  small  quantitiaa  of  matal* 

g.  rtructKs  of  Sodium  and  SodiuF:.Petc88ium  is  Veter.  In  this  oaaa  tha  matsl 
is  deatreytd  either  by  spraying  it  with  water  or  by  feeding  atcaa  into  the 
container.  Special  core  must  ht  taktn  to  ossun  that  the  hydregas  which  fonua  in 
the  costeiiur  can  escept  from  it  freely  and  to  ennure  that  the  personnel  performilg 
this  oparatios  are  protected  fr<«  the  futea  which  are  gives  off. 

Sprcyiug  •  liquid  wtil  ineide  a  large  volume  of  water  is  safer  when  doss  at 
a  ecssldarebls  distence  from  the  surface  of  the  water.  Special  tests  showed  that 
during  spraying  of  eodium  at  s  depth  of  3  ■  noticesble  fuming  oesurred  on  tbs 
surface  of  the  water.  The  flow  of  aodium  through  tha  spraying  nossla  amounted  to 
2.500  kg/lur  is  this  essa* 

43.  The  aesetion  i^tvacn  Molten  AlkeU  »iUla  and  Wstar 

Conteet  between  alkali  wtsla  and  water  or  watnr  vapor  may  oceuri  ( 1)  during 
the  operation  of  an  alkall-metal  staan  geseratori  (2)  whan  an  laauffielantly  driad 
circuit  is  flUad  with  matalt  O)  when  tha  aystam  la  wasbsd  dflar  having  haan  naadi 
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(4)  Vbeti  it  ia  neceaaary  to  ^tatrcj  tha  natal* 

The  Chcitleel  Reec.tloE  Ka'fftiO.  The  reaction  betveaa  sodlun  aad  vatar  takaa 
place  In  accordance  with  oae  of  th'?  following  equationat 

2Kf  (solld)-^I^O  (liquid) ->Na20  (solid)  Hg  (s»»)*31-0fi*  kcal/nola 
(aolid)  •  H^O  (liquid  — >  KaOH  (solid) (ga's)  f’33*^7  ieal/^ola 

C 'mperetlTc  celei'latlona  of  the  free  er.«rQ-  sTcllalle  for  these  raeetiona  show 
*het  at  ter.7erntv.res  lower  than  the  boiling  point  of  sodium  hydroxide  (NaOH) 
(e-'^lS'^)  the  reaction  between  sodium  see  water  always  leads  tc  the  formatlOB  of 
NoOH  and  Hj*  even  in  the  presence  of  en  excess  of  sodium.  At  temperaturas  higher 
than  316%  the  e:vccas  sedlua  enters  Into  the  reaction  with  KeOK*  forming  aodiua 
oxide  and  sodium  hydride,  NaH,  while  at  temperatVires  higher  than  45^'^  sodium  oxide 
and  gtiseous  hydrogen  are  fomed.  The  reretlon  between  water  and  an  Ka-X  allogr  pro* 
eetds  in  a  similar  fashion*  Tha  reectlcn  between  sedlua  and  watar  la  praetleally 
IrreTaralnie* 

The  results  of  tbecrettcal  ccluuletlcns  01'  the  final  ealuea  of  tha  tasqparaturaa 
and  pressures  erected  la  a  aolid  eonttlner.  after  eomplrtlca  of  tha  reaction  under 
soDsldsratl<B*  are  shown  in  Fig*  204* 


i 

i 


I 

I 

i 


*  Tha  heat  effects  of  tha  reaetloits  are  glTso  foi  a  tesiparatura  of  S;5^e 
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corit«ii,.r  •ftM  cce^letlcB  ef  tht  rttctlcB  (Kb'^-I^O)  e«947«d  to 
th*  TBtlo  bctwecB  tht  (jufttltl**  ef  r<.iittlB«  •uhstaBCBB* 

1.  P  (adlabettr  ecf.ditlcsB}|  2*  t  (tfUbatle  eoKdtttooa)i 

2.  P  (iaotberaal  eMi<JJticp«)j  £  ••  tht  auahtr  of  grtu  of  wott^ 
retetlBs  vlth  2}  gran  of  Bodtua* 

Htt  K.tchPttlta  of  tht  Rteetme.  Vhto  liquid  todlus  ecett  la  toaUot  vltk  vattr* 
tht  hjrdroeta  UN<r«ttd  iaMdltttly  atparatvt  tht  rttctia^-  tubattactt,  to  t  rtault 
of  which  tht  tlM  Btcaa«ar>  for  conplttlrB  of  tht  roactioa  la  i*tttralDtd  Mtalj 
tht  eor.4itloBa  uadtr  which  tht  aodiua  wd  tht  water  tro  Blsod, 

dpteitl  tttta  wtrt  aadt  for  tht  purpott  of  atudyiag  tht  attw*  ef  tht  attloo 
of  tht  chock  wart  which  font  during  tht  rttctloa  betwtta  tlktll  Btttlt  tad  wottr 
la  a  wattr  Mdlua  at  t  depth  of  3  aattra^  Ikthtattioal  troatotat  of  tht  ratultt  of 
the  taata  ahewtd  tact  tht  tawror  of  tht  ahotk  watt  fonaltg  durlag  tht  zooetloo  la 
eoaiMratittly  slight  tad  dott  net  txetad  5  eal/g  Ka-t  or  0.^  of  tht  tclal  quantity 
of  taargy  llhtrttod>  Tht  teergy  of  tht  hyd*^gta  huhhltt  coattitutaa  tht  grootar 

f/J 
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part  of  ttie  total  eoc^rey  (16]C)*  Obfioutly,  all  tba  reatalslng  aaergy  la  eonvartod 
loto  bast* 

Let  US  consider  tbe  question  of  tba  tecoeratura  charactarlsties  of  tbla  procesa* 
If  tba  reeetiCD  occurs  with  en  excess  of  wsteri  the  best  generated  la  expanded  la 
eTeporatlns  tba  water*  Tberafora*  tba  tenpereture  la  tba  reaction  zone  does  not 
ricctfl  th'.  belling  point  of  water  at  the  given  pressure.  Tf  there  la  an  azcaas  of 
sodixTi,  t'ue  btetin^  in  th«  reaction  zone  is  stronger*  since  in  this  ease  onlj 
Tuporizsticn  of  tba  liquid  ai'^tHl  can  absorb  the  heat  being  given  off*  lowering  tba 
tenperaturc  10*^900%  (et  ataospberle  preaaura)* 

As  ^tU 

Liquid  Di'tals  u;>ed  aa  eooleeta  raact  vlgoroualy  with  tba  oqrgaa  li>  air* 
Tliersfore*  It  is  necessary  in  operation  to  protect  tbe  aetsl  trm  oxidation  by 
ablelding  it  with  a  eusMon  of  inert  get*  Usually  nitrogen*  ergon*  and  baltua  ara 
oned  to  create  this  jirotoctivw  eusblon*  Some  of  their  physical  properties  ara 
givvn  In  Teble  ^C«  Cf  the  g*aea  cnvmerated  tbe  aoet  widely  used  la  attrog*n*beaai«M 
of  its  v-tdrom  eecessibillty*  Argon*  being  beavteat  Inert  gas*  ta  aost 
edveotegjously  used  in  eccaection  with  constNDtly  opea  or  pariodieelly  opanad  eon* 
toloers  of  liquid  B«'tel«  Haliua  baa  tba  boat  nuclear  properties  and  ts  tbarafera 
used  la  ai  atenn  eor.tninlug  a  oualaar  reaeter* 

laauritiea  in  an  Inert  Saa.  Tbe  followisg  are  tbe  aeot  laportant  tapurttlesi 
oxygen*  hydrogen,  *-ater  vapor*  eai^^a  bydroearbons*  and  to  a  lasaar  axtent*  earboa 
aoDOxiJe  and  narboo  dloildoe 

Oxyaen  la  tbs  aoat  bsraful  lapurity  In  an  Ine^  gas*  Tba  aaouni  of  C{£  ntelne 
aibl*  ta  tba  gM  oushioa  la  detanatned  by  sssuiing'tnat  all  tbs  oxygan  aatara  into 
tba  raaatloo  with  tba  aetsl*  It  la  obvious*  tbaroforo*  that  tba  graater  tba 
quantity  of  inert  gaa*  tba  aora  aarafully  It  aust  ba  olaanaad  of  oiqrgaa* 
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Table  50 


Physical  Properties  of  Certala  Inert  Case* 


i'JAJ.TTTr 

^  DBftJBION  _ 

1 

Heliua 

CAS 

Nltroaeii 

Arson 

Xoleculer  Weight 

• 

4.009 

I 

28.014 

1  39.9*4 

Density  at  0%  and  1 

1 

1 

i 

' 

atsos  ahs  (  f  ) 

g/lltar 

0.17844 

1.25049 

'  1.7839* 

Keltlag  Ptir.t  at  1 

1 

t 

atoioe  aba 

«C 

-272.1 

-210.(8 

•189.24 

Bclllog  Point  at  X 

! 

j 

ataoa  aba 

OC 

-24S.92 

-I93.OO8 

-185.64 

Critical  Tiaparatura 

1 

1 

Kr  j 

1 

1 

-247.95 

-147.14 

.122.*4 

Critical  Preasura 

Ikx 

atsoa  aba 

2U4 

33*490 

47.994 

Specific  Neat  1 

j 

i 

Capacity 

'  kcal/k«  *0 

1.231 

0.2481 

0.12S2 

(leoc) 

(ao«> 

(17.8%) 

Specific  Heat 

t 

Capacity  C, 

kaal/kt  % 

0.75a 

0.1m 

j  0.073 

(2000) 

(*5«B) 

Maat  CcadMtmty 

1 

1 

Coamelaat  1 

) 

[ 

34.3‘io^i 

5«.o»ior‘ 

je.a.10^ 

HA^SSk 


SytoffBSa  eontalBod  1b  an  Inert  gas  reaeta  vlth  aodlum,  forffllng  a  hydride  that 
is  only  slightly  soluble  in  liquid  aetal  (eoe  Chapter  Z)t  thus  it  eloga  the  tuba# 
of  the  aystea  and  also  causes  undesirable  fluctuations  is  the  reaetlTity  of  a  fast 
reectort  If  the  hydride  fonss  in  the  reactor  circuit*  amount  of  hydrogen  la  aa 
inert  gsa  la  iiaually  ?r:all,  and  therefora  It  causes  leas  difficulty  during  operation 
than  oiygen  does* 

Water  Tanor  la  elso  an  undesirable  Isipurity  la  an  inart  gaa*  for  when  it  reacts 
with  sodlua*  it  foraa  sodlua  hydroxide*  which  then  deeoapoaea  into  acdlua  oxide  sad 
sodiua  hydride. 

The  hi-drocsrboBs  present  In  an  inert  gcs  deeonpoaa  at  high  teqpereturas  ia  tha 
preeenee  of  molten  aodiux.  which  first  causes  the  total  hydrogen  eontant  ia  tha 
ayttea  to  increase  and  then  eeuaas  ecrburisatlcn  of  the  aurfaeat  of  tha  steel  a<» 
poceats  of  the  circuit.  In  order  to  reduce  the  eoncentretloa  of  hydrocarhaaa,  tha 
use  of  inert  gMi  auppiied  by  industry  for  gas»<'ia.discharge  illuainatioa  deeicaa  la 
r«e<Baeaded*  The  ccacentretioa  cf  lapuritiea  ia  eueh  a  gaa  la  approilMttly 
C.O059CS  aost  of  it  ia  oi.vgttt,  while  hydi‘tc«>rhon  iapuritiaa  are  alaost  tetallj 
lacking*  aicta  iht  cttpreaaors  u;ied  to  farce  the  gaa  into  tha  eyllndara  optrata 
with  a  water  lutrieast  Uatcad  of  an  oil  lubrlreet* 

If  the  lituid^aatal  circuit  coctalna  a  nueltar  reaeter*  It  la  Bacasaacy  ta 
taka  •  nuaher  of  adiitlunMl  factora  into  aceouat  whea  saleotlac  Ite  larrl 
tha  aaet  taportaat  of  tbuae  factora  being  tha  poaaihlllty  of  aatleatlea  of  the  ^ 
and  thu  iapuritiaa  coaUiaed  la  it.  Xa  spite  of  tha  low  aeluhllttp  of  Inert  g-«-T 
la  liquid  aetal*  aueh  s  poaalhltlty  la  not  ualtkely*  aioca  the  gas*  ta  the  fera  ad 
buhhlsa*  asp  ha  ssiriad  by  the  sunreat  of  the  soolaat  s»to  the  settee  taas  of  tho 
rsactor.  Of  the  shoee«atBttcasd  gases  (hellus*  argon*  aad  aitrogsa)  ealj  hsllM 
does  not  httcas  aetleatad  ta  tha  reastor.  Argon  haa  a  larga  aeutro^aptwa  sreag 
soctioa  (9,i  barn  for  thtrsal  aawtroaa)  aad*  whan  asllvelad*  anlta  hata  aad  gMM 
taya*  Xta  hair«llfs  la  1.63  years.  It  this  fcBacetteo  gltrcgsg  ta  lass  daagsioasa 
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slsee  the  half-life  of  the  iaotope  is  conparetiTely  soell  (7.3  strc).  Table 


glTes  a  cemparlsoD  of  the  ouelear  properties  of  hellumt  cltrogen*  and  ergoa* 


Table  51 


Nuclear  Pi-opertlea  of  Certain  Inert  Gacea 


Isotope 

1 

Content 

t 

_ Crc;,3  Section 

1 

Absorption  scattering 

bans  barns 

1 - 

Total 

barna 

Neutron 

Knergf 

j 

Typ«  of  AMCtlOB 

Re 

190 

•  41  • 

«k 

o.oes 

• 

He3 

U3'i(rk 

5000 

- 

Thersal 

until  tranafenisO 

1 

i 

Into 

100 

m  m 

• 

• 

(«,s)  until  tranaforaaO 

1 

i 

Into  KaS 

K 

lou 

1«45  **  ItM  • 

12.7 

0.02s 

• 

« 

10  -  200 

H 

0.1 

Tbsraal 

- 

1.7 

• 

Tbeml 

(<e,^)  until  trenaferatO 

lata  |K5 

HU 

• 

m  » 

• 

• 

C«./)  aatil  tnaafaraai 

into  0^ 

• 

1.9.10*3 

• 

>10.7 

(«.*.}  until  traaafMaiO 

lata  iM 

0.J7 

••ir3 

• 

TbeMl 

(e>.^)  until  trnnafanaO 

inbal^^ 

Neu5S4 


in 


j 
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tluelear  Fropez^lts  of  Certain  Zeart  umm 


Isctcpa 

Content 

X 

CrosB 

AbaorptlcB 

ben># 

-SftlifJJ _ 

Total 

1 

1 

barna  .  bans 

NautroB  ZVp*  of  ReaetioB 

Enargj 

k 

100 

0.1 

0.75  1.4 

o.«5 

0.337 

1 

•  » 

i 

i 

Tbantal  (o,y)  natal  traeaforwA 
lato  l37 

138 

0.0I3 

O.S 

a»  • 

I 

Tharoal  («'p  unt:i  tronafonHl 
into  b37 

A*0 

W.8 

0.4 

c,93.i(r3 

1 

•  • 

t 

t»  % 

1 

TUnal  (<av)  uatll  UtatafenBO 

into 

1  Ka?  («^)  until  trasafonNA 

into 

PoitralpaUgB  of  ta*  ka>uA  of  iMurtUai  U  ia  latfi  U  totMt  o^rfM 
ooaetB%r«ttCM  of  loaa  than  Q.ftf*  virdcWo  »tOad  lo  um4>  Tklo  aaltea  !•  taMA 
OB  tte  otaorpttOB  of  oiy<»B  %  aao^'A  «o  IfaroKHoi 
IMi  (SIDs'** 

m  (m)3 

TWOto  to  oortou  l»prowiBto«  tte  Moolttfttf  of  tUo  MUoi  too  to  looroMto 
to  (UOOfliS  0{|  «IU  OB  ovonc#  oraor  of  ^ 0*OOOOV* 

Xb  b  Btotor  of  obbob  tt  to  BOBooBoiy  to  Boaljrao  tto  cm  ooBtlBBooBlir  for  oqrgMB 
Sob  BaolyMrB  toaoB  ob  tto  toBBtloo  totoooB  oqrcao  bbS  lirtoagiiB  la  tto  yraoBBiB  tt 
B  OBtBljTBt  (to^lBdlOB  OT  plOtlatBi)  toVO  toOB  UBOd  BuB4<»BBfBll|r  fOT  tklB 

iff 

•et.55* 

I 


Tb«  •xt«Dt  of  the  teaperature  Increase  of  the  oatalyat  during  the  maetlon  arkes  it 
possible  to  determine  the  eooeentratlon  of  O2  in  the  gna  entering  the  anal/vev* 

The  aen.'iltlsity  of  the  deriee  ia  apprortmnteljr  O.OW  ©2.  It  can  be  increased  to 
0.905s,  if.  Instead  of  abaauring  the  teaperature  of  the  catalyst,  vo  determlae  the 
amount  of  nater  vapor  fcr^l  with  respucc  to  the  cb'-nga  In  huBldltj  (dev  point)  of 
the  gua  passin.;  thro..>jh  the  deTlce* 

The  admixed  hydrogen  in  the  gas  is  dvternined  ^  a  similar  method  of  eatslytla 
eombustlon,  Cupirlc  oxide  heated  to  may  be  used  as  a  catalyst  iostesd  of 

palladium  or  platinum.  Tha  sansitivity  of  tha  swthod  of  catalytic  cr«buattoa  im 
approximately  tvice  as  great  in  the  oese  of  hydrogen  as  in  tha  easa  of  oxygen, 

Tha  ajtount  of  water  veper  in  the  gas  i a  dataxmlnad  by  maasurlng  tha  dew  point* 
kx  e.ipvetelly  great  aecsltlelty  in  detecting  wnter  (aeeeml  te&^theuanndtha  of 
a  percent)  le  obtelced  by  butnlng  the  gaa  up  to  pressures  of  10*20  staoo  nho* 

Serious  aftholrlogicsl  difficulties  siaod  in  the  way  of  on  noeuroto  dntor* 
sdnetico  of  the  hi'droearbon  content  of  no  inert  gns*  The  following  osthads  of 
seel)sls  ere  bxcwni  eatelytie  scsbujttrm  (cupric  oxide  baltg  th*  estclyoDi 
aessura  >at  s'f  tha  daw  point  in  tha  gas  after  complsto  lOMenl  of  molsturo  from  it) 
icnititic:  .>r  tn*  unitr  lew  pressure  ([pov  discharge)*  aaklog  it  peosiVls  to 
datact  ttnocs  of  hydreearhono  and  other  tmguritlso  im  mohlm  gmomm* 

yurlflestlam  of  Inert  leses.  IW  moiElami  nmounU  ef  UgmrltUn  potigooihU 
in  Inert  gnosa  ore  shewn  to  fshlo  32*  didltiemol  purtfisotlsm  of  the  goo*  hslhw 
filltag  the  syates  with  tt,  to  kssoamory  ooly  who*  tho  gio  lo  used  in  tmMht  oomglom 
of  the  astel  rsj  in  gstoettng  o«r«M  in  tho  ooapio,  or  whom  Uo  goo  to  oMigootmllg 
semtsMaotsg  during  transport,  sto*  The  nnst  rollshio  roonlto  im  t— wt^  mWM 
•TO  ohtoioag  ty  huhmili^  tho  gss,  first  thtw^  o  eolnnm  oootUidiV  hot  lh*X  oUoy 
(15O*2O0t),  an!  thorn  Vrough  o  column  eontelning  solg  ollsg  (>u*tO>C)*  It  mm 
fwukl  thnt  the  e^rgan  soseootratlon  In  nitregsm  4ooro.'*ooo  frat  0,15  to  0.0|f «  oftw 
it  has  loam  gns  sol  omdsr  0  frooonrs  of  T  olaso  ohm  throngib  m  mmlnm  IM  am  im 
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dlaxeter  and  900  an  hl^,  fillad  with  a  ooia?act  padding  of  ataal  ahawlaga  uA 
half-flllad  with  an  Na-X  alloy*  It  nay  bo  aaauoed  that  whan  tha  gaa  la  hubblad 
through  tha  alloy*  hydrugon  and  watar  vapor  ara  raaovad  frca  It* 


Thbla  52 

Contaat  of  I^^urltlea  In  Inart  Qaaaa 


Ku*  of  Ir,purlty 

1 

iraoa 

Krlty  of  tha  gaa 

?9.i7i 

‘  w.w 

\ 

99.99 

O^gaa 

1 

o.ooe 

O.OOft 

Itylrocaa 

O.OOOCS 

o.oos 

1  0.002 

Rttrogaa 

1 

'  0.00X7&3 

0.001 

• 

Carhoa 

1 

0.003 

• 

1 

Mathaaa 

0.000001 

• 

• 

Carbon  Oloxlla 

1  o.ooo$ai 

• 

• 

hr  AM 

0.000049 

• 

• 

1 

Kalatura  (law  point)  <Q 

• 

1 

.40 

>40 

lha  raaoval  of  hallwa  aod  arfoo  froi  watar  votor  tf  hlcwtag  tht  vfor  • 
layar  of  ooAlwo  flowloc  off  tha  awrfato  of  a  tooiaal  Aoaa  U  a  walUhMws  aayart* 
■aat*  Tahla  5)  glvaa  tha  raoalta  of  pwrlfltatloo  with  tto  all  of  Uta  Aavtao  Ih 
raUildo  to  Ita  opacotlaool  hlaoa 
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T&>)la  53 

Results  of  HeaCTlsfi  irgon  froa  Water  Taper 


Oiir&blou  oa 

!  1 

j  Partial  Pressx^ra  of  j 

Dew  Point 

£2.fQrimt)ntt 

Water  Tnpor  after 

OC 

hr 

1  j 

Drying  the  Gas.  j 

1  a*  Hg 

2: 

i 

0.5 

1 

1  “2I».5 

fl 

1  0.05 

i  -45.7 

120  ' 

!  <0.000015 

1  .100 

la  the  icdustrlal  eycthusia  of  potasaluat  copper  ahaTl&gs  haatal  to  600%  ax* 
mie(>e*\«fii\1y  unorf  to  reaOTa  froo  DttrO|tOM« 

'.’he  aolsture  eocteot  of  a&  iaort  gaa  aay  ba  eccaldarahly  lowartd  by  bloatB^  it 
threv^  r.:ttretcl  olviaAcua  oxide,  ^irlcg  this  operation  the  dew  point  of  the  gw 
la  levered  at  least  to 

Saall  quantitloi  of  the  ipa  are  dried  b;  freenieg  out  tbs  moiatura  in  trapa 
cooled  by  liquid  nitrogen. 

Traps  for  Llouid-S'ital  Tanora.  Alkali  aetal  wapora  a»\jr  ba  raaorad  froB  kba 
gaa  by  paaalcg  It  through  a  atoxrlaae-  )toul  aerees  iBoaraed  in  Ka>K  alloy.  Duriac 
this  operation  the  taaperatura  aiuat  not  exnaed  4^5^*  If  ttda  daviaa  la  iiaad  to 
renoea  aodlua  eepors  froa  a  gas.  it  la  eaaeatlal  to  uaa  Ma>S  with  ao  auaaa  of 
potaaaiuB  in  ordar  to  eountaraet  the  Inoraasa  la  tbs  Mltlag  point  of  tha  alloy 
that  oeeura  during  absorption  of  aodioib 


M21-55* 


t 


Sources  of  lapurltlaa*  Conthialnetloo  of  solluB^  by  iajurltlee  siay  occur  either 
durln^j  Its  ajofneals  nmJ  traasportotlon  or  during  the  oyerstloa  of  the  power  plant* 
RhdioaetiTe  rediation  of  the  not  .1  l»  the  nuclear  reactoi'  is  condueiTe  to  the  for¬ 
mation  of  lapurltlee* 

Technical  grade  aoClua  la  a  fairly  pure  product  (Chapter  XI*  Table  12)« 

During  transportation  end  charging  Into  the  power  plant  the  metal  la  cuntaalnataA 
t'.ainlr  b>’  oxygen  absorbed  fr  »  the  sMrrourdiag  etiosphere  end  aleo  by  hydrogen  ud 
eaxboa  contained  In  th«  protcetlre  lubricant*  Kotallle  li^purltlea  fell  Into  sodliB 
weal;.-  during  veldln<t*  cutting,  etc.*  as  well  a*  during  ai  sen'  ling  and  rapalrtng  «# 
tbs  a^ulpcaent*  Tke  Impurity  contant  la  goramad  by  tba  aolubtlity  of  struntural 
auterlala  In  tba  ?l(»uld  satal  and  la  uaually  low,  aaptelally  at  tasparaturaa  halm 
» 0fl-6C0®C*  The  gas  c'jblou  of  the  ay?t#»  eoetslns  eeserel  ■>»hstenc#»  which  OCh  h* 
aourcee  cf  lepurltlee  (cn,.‘gea*  water  wtpor*  eerhoe  dioxide)* 

The  Effect  cf  I-p.tfllAri  ^n  the  Cpermrf  Ctr-ditiona  of  the  Clrawit.  tapuri- 
tlsa  la  alkhit  Betela.  ea  a  rule*  Ineraeaa  the  rata  of  eorroeloo  of  atmeturol 
»«<erlela  er.d  decrease  tte  InteMlty  cf  heal  axchasgei  but  whan  the  latnl  in  naad 
to  cool  n  nvMlear  recctor,  the  tetnl  nettwity  lafol  of  the  coolant  lse-*acnn* 
rurtheiaorc,  inaolubla  Inpnrttlcn  can  cauna  difflculUac  la  the  opamtlen  at  thn 
pow«r  Plant,  altbar  fully  or  partially  eloggiag  up  the  tuhaa. 

Ac  adalxturo  cf  o^rgaa  la  aapealally  harafttl*  Wbaa  the  caygta  ceaaaatratloa 
it  aodtoi  ic  aora  than  0*0()^0*01X,  the  ag^rtaalva  action  of  aodiwa  on  atmtural 


^  AU  Ua  laftcwttoa  giwaa  ftoc  thin  point  on  concaratag  aoatiac  alaa  ayyllaa 
to  a  aoAiaa»potaaaluB  allay  ualaaa  cpaaiflc  aeatloa  to  the  coatiwy  la  aadae 
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aaterlala  iac7«aa«a  &otle«»bljr. 


As  adslrturo  of  carbon  causes  carburization  of  the  surfaces  of  tbs  circuit 
ecaiponenta  and  an  increase  In  the  brittleness  of  the  surface  layer  of  the  eteel* 
which  la  dangerous  In  a  number  of  cases  (for  the  ports  of  the  Tslves  and  the 
bushings  of  the  punips)* 

Oulcluu  presitnt  In  alhnll  metals  is  harmfuli  since  it  reacts  with  the  nickel 
ccntalned  in  stainless  steel  to  fern  a  ecmoouisl  of  eclld-aolutlon  type* 

Ihe  main  duets  of  the  process  circuit  clogged  up  aamljr  as  a  raault  of 

tbs  solid  ttcdlum  czlda  vhlch  aceuaulataa  in  them.  Due  to  the  lower  aoluhllltf  of 
the  oude  in  tbs  liquid  ^tal  at  high  teaperotur«a  (see  I'ig.  the  aoat  faaor- 
aelr  cor-tltioua  for  full  or  partial  clogging  aia  treated  la  the  ralatlTal;  aMd 
eevUous  of  iha  aystia,  eaptcially  at  the  entrunee  to  the  raecter«  la  the  latter 
case*  a>vn  p^rtiel  clogging  can  ha?a  aarloua  ccnaequaneaat  since  It  cauaM  the 
liquid  to  u«  uacTenly  diatributad  tu  different  haeV-ganarating  oooponaata  of 
the  raattort  aa  a'raault  of  which  eartala  eoaponanta  isiy  hteoM  ovarhaatad*  Xa 
order  to  aaoll  such  cceurraeeaa*  the  osygea  eoncantratloa  la  the  aodlua  aust  ha 
kept  at  a  lew  level.  It  nojr  be  aaars^d  tbet  vith  a  relative  eincaatratloa  of  Og 
aivul  to  O.OOl'C.Ooal  ozlna  bottlenecks  will  not  fora,  even  la  the  aeldast  aaotloua 
of  the  agataa. 

CaletuB  also  produces  lapurltlas  of  lev  solublUtf  la  sedlua.  CaUlMB  raduaaa 
aodlua  axlda  and  foraa  aoltd  aalatia  asldae 

fiaally,  orgvala  ao^euada  of  tha  hydroearbea  type  aauae  tha  plpaa  ta  baaaa 
a  lagged  up.  T^aa  aokphuads  produce  tai'olubit  ptaelpltataa*  wbaa  tbap  react  wild 
aadtwB. 

Praaadura  fcff  gftnUM  Mf  ha  aanplad  fer  aaalpala  Ip  UMrelaga 

aappliad  tuba  late  tha  apataa  »  hp  dralalag  a  pattlca  ef  tlm  aatal  lata  the 
aaapler  ihrcHEh  a  atM«lal  tuba. 

tha  saaq^ltcg  tugaratuv  antat  act  ha  lower  Uai>  taaparatut*  of  tie 
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clreulatlnii  aodluBt  in  order  to  ercid  precipitation  of  iiopuritlea  at  tba  nouth  cf 
the  Siimpleri  their  aolubllity  in  the  metEl  deereeaee  with  decreasing  teniperattira* 
Precisely  for  these  reseona  ae^iplea  should  not  he  taken  fru'  the  load  (drain)  tank 
of  ':he  systea* 

rreper  selc'Cticn  of  the  Dsterial  for  the  siuiiplt-r  is  important.  If  ths  metal 
fcelE^  removed  for  er^lysia  is  drained  ilrovtgh  a  tube,  tho  tube  nmst  be  nmds  of  ths 
atax  autcribl  as  the  tules  of  ths  eirevit.  Bowevar,  tbs  latter  condition  doss  not 
alveys  Lave  to  be  fulfilled.  Tor  exasiilc,  a  sampler  in  tbs  tom  of  s  ccoep  used 
tc  determine  the  emeunt  cf  iron  inpurlty  in  Ba,  sust  be  aads  of  siaterial  act  ee^ 
talnlr^  Fe  (nieke',  ste.)*  If  ths  scoop  is  rads  of  stecli  treating  tba  Us  In  ths 
atcpler  with  acid  fer  ths  purpose  of  rtroTl;-.:!  lre»  fr.wa  it  *6*  distort  ths  rssults 
>.f  the  sselysia* 

SKh  pUtg  oust  t*a.'  plbcs  It  a  shit  Id  of  cutfully  purified  inert  gu*  i  •!<> 
of  aetui'sctcT>  purity  of  Iks  gea  is  ths  rctsatlcn  of  a  mirror  luattr  on  tba  wr» 
fMs  of  ths  liiutd  sodium  in  ths  acnplor  ever  a  lo’-f  parted  of  tiat*  Xf  tba  gu  ia 
ii:s<.ffleithtly  purl  Tied «  the  stspl*  netsl  Icenaa  ecesred  with  sulfur  or  a  bleek 
nir.  Thin  f«ij)  euat  net  be  c  ufuacd  witb  U'-  volts  oxida  deposit  whf'H  sppsara 
durlrg  cooling  of  mvtel  eontsiniug  nors  thae  C.C)32  O^*  s^Sk  in  s  cadiuB  of  gaa 
frea  of  eaygan* 

Ona  of  ths  dcn<  sa  utti  fer  floalng  or  aotlcolsaa  nsUl  at  tsmga^ 

aturas  vp  to  ia  showu  in  Fig*  205#  d  nltksl  scoop  dasigotd  to  bold  oppt«» 
UoteVy  1  g  of  Ps  Is  Uaicraed  in  the  lit^id  and  la  than  rsaoetd  froa  it  aai  tramm* 
ferrsd  trta  a  tlotMr*  wbars  the  aodlua  la  smalgsmstid  ettb  asreuiy  sad  tba  tapmie 
Itiaa  aro  aaparstsd  out  of  tba  haalc  metal,  dll  tbaaa  oparstitma  taka  plaaa  U  «• 
inert  gna  abiald* 
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tig,  205.  Oerte*  for  Xtiiltg  acsplM  of  gtiivm  usA  ^r*riD4(  thw  for 
chtBleal  aaaljala* 

(1)  aeoepi  (2)  aplgott  J)aB4(ll}  gla&Si  (4)  alaavoi 
(3)  elarpt  (i )  diaki  (7)  akaastri  (9)  bollcw  aorai 
ii)  wtrai  (10)  churvttri  (12)  aoMi  (I3)  aptgeti 
(Iti)  fl^ak  for  •areioy* 


Aa  aaa  ba  aaac  frcn  Ttg,  205*  tha  aaeop  la  faataawl  to  tba  lowtr  aai  of  • 
hollow  atoal  ooro  hp  0  looc  aiokal  wtro  bast  la  tba  fen  of  a  loop  oaf  poaaiag 
tbrou^  tba  acra*  lha  oppor  port  of  tba  aora*  togathar  with  tha  vtro«  la  faatoaoC 
la  a  tproa  aloaaa  br  aBOta  of  a  aaraw  alaap.  Tha  aero  la  ball  la  tha  (laoa  abaahor 
of  tha  aaaplar  bp  frlattoa  la  a  glaiia  aa*la4  with  two  ntbbar  Haga*  Tha  glaai  pro* 
vaata  pa  froa  laoklm  owt  of  tha  abaabor*  hat  at  tha  aaaa  tlaa  prnlta  tha  aara 
aal  tba  Moop  to  aott  fraalp  ap  or  iowa.  Tba  aaaglwr  la  attaabal  at  Ita  lowor  aai 
to  tha  aooaaatlag  taba  of  tha  walaa*  jhXnk  oata  off  tba  aatlro  laalao  (If  aaa«  la) 
frea  tba  apataa.  Tha  aoaaot  of  laaMratoa  of  tha  aaeop  Into  tba  aeltaa  aatal  la 
loUrulaal  bp  tba  alaalag  of  tha  aloatrlo  olrouAt  la  whlvvb  tha  aara  la  aoaoaatal* 
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Aft«r  belEfi  filled,  the  scoop  la  raised  aad  Is  cooled  for  e  while  la  the  upper  part 
of  the  eheniber.  Then  the  spigot  Is  closed  and  the  aaapler  la  detisbed  frea  the 
relTe  end  pieced  orer  the  eaelgasiatlon  ehsnher*  After  Inert  gpB  fed  throU|^  S 
spigot  has  heen  blown  through  the  chaeber,  the  scoop  aoves  downward*  the  clsap  Is 
loosenud,  end  the  nickel  wire  Is  reBcwcd  froa  the  core,  as  a  result  of  which  oalj 
the  contw  Ir-lUn  the  sediux  In  the  aaelgasiatloa  chkBbere  Then*  with  e 

ecnate;'.!  evident  of  Inert  gea  flowing  threugh  the  eberVer,  the  sasiplar  Is 
repleecd  bp  •  flesh  eontalning  Bercury  •  after  which  the  saaple  is  SBalgaaated*  The 
iLercuT}'  enters  t;;e  ehiieher  thxbugh  e  hollm  glass  disk*  which  spreys  It  iste  flss 
drrps,  which  ccedense  the  stcaa  that  fenc'd  during  tha  reaetlos*  The  liquid  is  tks 
cheater  la  stirred  by  eglteting  the  scoop  In  It  with  e  strung  ssenst*  Ter  ceaplsts 
aaalgsutloe  cf  the  aodlus  asaple  5  to  (  flftyesl  portions  of  ssreury  era  snftlp 
dent*  After  the  cercury  Is  the  eheahtr  has  hses  dreised  out*  eslT  elkslUsstei 
oilass  and  other  Isturltiee  lasoluhle  is  Rg  resais*  Tha  ac4iu«  ees  ha  r—wil 
frta  tha  chachtr  by  wuhlng  U«  chenUr  with  n  phesclnhthalais  aeUties*  ths 
rcasiatng  iepurlties  art  siitd  with  a  aiall  seoupt  of  'tlatillad  voter  ead  ere  1»> 
■edUtely  treated  with  o  f,9Ui  srlutice  cf  hydr«<blcric  aeld  is  e  5  ■!  adcreherete 
Vhile  so  doing*  it  ie  aeeeeaery  to  tek*  iste  eeceust  the  error  is  ■ssawsBost 
rtsultlsg  frm  shtorptloo  by  tbs  eeagle  of  csrbts  dicitdo  fr<»  ths  swrssidlsg 
staoephsre*  Ths  rteoltdar  of  ths  eaaslt*  i*s**  tha  Be  Nalv**  Is  trentsd  with  • 
dafisits  eaeaaa  qusattty  of  IBI  is  erdtr  to  soiplstalp  rtooea  ths  slkslis*  sfisr 
vhith  ths  sMust  of  ssdiuB  is  ths  sscpls  osy  hs  dstsndssde 

tf  tha  sanyla  it  reasfed  esly  for  tha  purpess  of  dataradsdSB  tha  aaUUlS 
laysritlaa  is  tha  Ms*  apaeisl  pressstlsas  s^iiaat  ssASstiosef  iks  acsyla  ars 
wfssaessiry*  ta  this  esss  tha  ashlar  ass  bis  nUsd  is  ss  stssighare  sf  taabadsal 
sltregas*  It  U  alas  psasihts  %•  tasart  glass  or  satsl  Vihsa  diraetlr  tat*  ths 
stress  Bt  scdlMi  esd  sweh  Itgald  fros  it  tats  the  esaester.  TispUs  were  siiiiisfSWT 
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taken  with  ?yreT  glasa  tubes*  even  when  the  tenperature  of  the  autal  was  500-630*. 
RoweTer.  when  analyzing  for  o:(7geii.  the  use  of  such  tubss  1e  not  reeoBsendeA  siaee 
oxides  contained  in  the  glass  aay  dissolve  In  the  sodluik< 

As  wa.i  iBeDtioned  prf^tously.  Instead  of  a  sanpls  being  taken  frcB  the  atxesa 
01'  liquid,  auactlices  pui-t  of  the  Mtel  is  dr^-.li.td  into  a  eontelner  designed  fcr 
further  tr<at<c-‘nt  and  analysis  of  the  setsl.  Flgui's  2fi6  sbc^  one  of  these  dsvlees* 
Ihe  essential  component  of  the  device  la  a  steel  beaker  filial  with  pure  Inert  gM 
and  equipped  with  heated  tubes  12  and  3  for  feeding  and  draining  the  liquid  aatal. 
k'ast^ted  to  the  wall  of  the  beaker  Is  a  aanlpulatcr  enabling  the  natal  beaktr  tor 
the  Ks  to  be  Inst*' lied  either  at  the  outlet  of  the  feed  tubes  or  orar  the  aoath  of 
the  e;:.-lgs£i!itlcn  cbtxiber.  the  liquid  natal  antera  the  beaker  aa  a  result  of  Its 
own  velcht.  after  the  valve  la  opened*  After  the  aodlua  baa  alreulated  for  a  leag 
tine  through  tube  12*  the  beaker  is  filled*  and  tuba  3  la  placed  dlraetlp  under  It* 
tubs  3  la  uauallp  conneeted  to  the  drelaage  tank  of  the  apatea* 

Vban  the  Veker  has  been  filled*  It  la  placed  over  the  ehaaber  and  la  lulaod 
with  tba  aid  of  a  B-gyet*  after  which  the  uanlpuletor  la  turned  aaidc*  Than  thn 
vent  le  ^ned*  end  the  heeker  with  the  hardened  eodlua  la  lewerad  into  thn 
ebnahare 

tha  rest  of  the  analfaBition  prccaduco  ta  eeapletalp  anaXegeun  tn  that  dasncltad 
above  for  e  ascpler  witn  n  nlakel  aceop*  at  at  dlattlled  neiutary  la  ndinA 

drop  tp  drop  to  tha  uppor  part  of  tho  ahaaber  froa  thn  Uak*  Xn  ac4ar  to  aanalovsta 
the  eaalfsoatloa  preceao*  the  cheBber  ta  haetad  allghtlp  with  tha  flnaa  at  a  pa 
hiaaar*  and  tha  haakar  ta  shaken  up  and  dawn  tn  thn  cheater  with  thn  aid  af  a 
aapat*  Thaa  tha  laHaa  ta  dralmd  into  tha  flash  thraup  n  naptUaiT  tuha*  If 
tha  nhoaa  daaarthad  apart ttaa  ta  rapaatad  h>5  tlaaa*  ua  aaa  ha  aura  that  nil  thn 
nadtM  haa  haan  raaotad  froa  tha  awplse 
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fig.  206.  99Tie«  for  taJ^Bg  ctsplta  of  aedlva  tol  proparlag  tkaa  for 
ebtKieal  obbI/oIo  b.*  drotoleg  port  of  tho  aoUl  ftm  tiM 
■ala  4uot« 

(1)  bpaVrri  (2)  TfU*,  (3)  iLiflti  MAlpulotori 
B«or.«tie  coroi  (i)  aprl^gi  (7)  etwUri  (8)  floaki 
ly)  «ort«- n.r  for  wreuiyi  (XO  )  (1) )  eiBoo 

otwtori  <12 )  tttboi  (13)  o«o%» 


Tho  lopurtUoo  roMtBlBg  to  th*  obubor  aro  olmt  vttb  dlattUod  wotor  oai  oro 
iXtratat  vttb  pbtMlpbUaloto  far  tta  aurpeaa  of  daUnatolag  tia  aMoat  of  aoilia 
ok14o  to  tbaob  Tha  oBolgaa  pranoitalf  draloaf  fr»  tba  4««laa  la  alao  tttratai* 
thaa  aaahllM  tba  aaeoat  of  aotlao  la  tha  aaapla  to  U  fevai*  Thaa»  aalac  tho 
raaall  of  tha  flrat  4atay«laatlon«  tha  aeaaaatrotlco  of  o^aaa  la  tha  aaagli  aaa  ho 
aalaalato4* 

Tha  haxaar  for  tha  llguXl  o-uX  Xa  Mooally  oa4o  of  aorhoa  ataal  or  aiahal  OM  ^ 
hoa  tha  fom  of  a  oylta4ar  10  aoi  la  (U>aaaior  and  Q  aM  !»<  Mwlf 
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masuTectured  beedcers  ar*  amiMlad  la  a  ttydrogea  aedlua  at  a  teai«ratura  of  •'N'lOOO^t 
In  order  to  restore  i'ae  oxide  flla  froa  their  aurfaeea*  Before  heglBBlaf  tha 
seupliag,  aeTerhl  beaiccra  (uaually  four)  are  placed  In  the  chtaher*  aad  tha  antlra 
upparatua  la  placed  in  a  deaiecator.  where  it  ia  kept  for  a  half>hour  at  a  teapai» 
ature  of  Thla  sokea  it  poaalhle  to  get  rid  of  tha  vapora  adaorhed  hjr  thair 

aurfBcea*  Inert  gna  la  blown  throu.7>  toe  ehanber  while  it  ia  in  tha  daalccator* 
Then  at  tha  necaaaaxy  acBt<aX  tha  vt-nt  opena  aa  a  reault  of  the  axeeaa  preaaura 
erected  ia  the  ehfizuber«  and  tha  heakera  are  tranaferrol  to  tha  rotating  aupport  of 
the  omlpulatori  after  whUh  the  apperatua  la  ready  for  «aa* 

Dviring  aanipllsg  the  preaaure  of  the  Inert  gci  in  the  eentainar  of  tha  davlaa 

ia  k<pt  eiual  to  0.2>0.3  £••£«  atsoa*  la  order  to  aeoid  gaa  Itajca*  all  the  aoraa 

paaeing  torough  the  wall  of  the  coataln«r  are  equipped  with  aeala  nado  of  haat» 
'ealftcat  ciLicon  rubber*  Tha  wall  of  tha  dtrlea  aontelna  an  taapaatlo*  winder 
«er>llr4  tha  operator  to  control  all  tha  uvcipulatiena*  Tha  window  la  aada  of 
eleotrteaUy>eooductin(  glaat*  Ey  paaairg  a  current  tLrou(h  it*  tha  tanparatura  of 
the  vitdew  my  be  anlntaUed  at  a  iceal  of  200^*  thareby  aeoidlag  aendannattoh  of 
audlua  vopora  on  tta  turfaaoi 

The  aboevdeoaribed  apraratua  waa  weed  for  a  loe(  tlw  to  dotarodno  tha  aaount 
of  raida  in  aodlwa*  In  a  raage  af  o<yc*>  ecocentratlena  agnal  to  0*001eO«C6S*  tho 
■arfia  error  la  the  datamlaatton  aoeurtad  to  C.OOtf*  Tha  davloa  won  alno  iiMd 
i^ta  wcrkii^  with  IM  alloy*  Zn  thia  caaa  it  waa  naoaoaafy  to  froona  the  laayla 

In  the  Veokar  with  dry  lot  in  ortor  to  tha  nllty  fro*  rooetlnf  too  fttiakly 

with  tha  MNWfy* 

tvthoda  of  imtm  iifli  ead  Aline,  lyoMM 

Of  ewdliaa  My  ha  datoatod  hy  tha  highly  aanaitiwa  Mthed  of  Mutton  aallvi^e  lha 
ayettroyhotoMtrla  Mthed  of  oMlyeia  ta  aonaltivo  to  about  qm  aiUierNi  of  Ito  ynr 
liter  of  aoguaeua  aolutlon*  Xn  oidar  to  detarotM  tha  OMunt  of  Mtol  ruMlntM 
in  tha  gratia  aflar  it  hM  haan  wMoed,  Iho  tegaid  atiw  Mthoi  My  ho  Mad*  Xh 
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tUa  CQsa  the  redloactive  isotopa  Ka^  la  added  to  tha  aodlua* 

Oiyvea.  Tbo  most  widely  usod  aethod  of  aniilyala  la  tl«  aaHl^aatloa  of  a 
saaple  aa  Just  deaeribedi  fallowed  by  tltretloa  of  tha  lapurltlea  aopareted  froa  thra 
me  .al.  Thl:  c:?t'i.'v>,  uben  c^refilly  bellowed,  esablea  the  oxygea  to  be  deteralaad 
with  in  error  of  only  O.OOij  (by  weight}*  If  the  aoouut  of  O2  la  the  aaople  ezeeoda 
'.CV.'i*  tbo  error  inereaaea  to  <^^0.002!{*  Tin  \ttn  of  B.'aalgrjxtioB  sahea  it  poaalble 
to  doter-olne  si:aultaneoualy  the  auount  of  aodlum  oxide  (i^O)*  aodlua  hydride  (Nd)« 
aai  Liodixn  bynrr.zldu  la  the  (wu>al*  A.-nnlges^tlon  cf  Ka  directly  iB  a  cold  tiap  whieh 
eollecta  the  aodlua  oxide  gleea  effectlee  reaulta.  RowaTer*  thla  aethod  la  oftM 
unacceptable  aiace  It  iBrolvaa  the  uae  cf  largo  ^uaBtltlaa  of  aareury* 

i  fairly  aec^'*tta  analyala  for  ovgea  aey  also  b«  obtalaed  by  utlag  a  aathod 
invMaisg  tbe  re»'ti:s  betweaa  acilua  aal  butyl  broalda  la  lyleae*  Xa  thla  eaaa 
aodita  broalda  ia  foreed*  ead  the  aodlua  oxida  raaalaa  i;Baffeetad.  Tha  alxtm*  of 
the  eoeeae  butyl  broalda  ead  KtjO  reaclalag  after  the  raaetlea  la  raaoeed  froa  tha 
eodi«x  brouide  aod  la  alx%d  with  dietlUad  watar.  Tha  eaeuat  of  aodlua  hroadda  la 
tha  alxture  say  be  dateralaed  with  tha  aid  ef  atlver  altrete*  Tha  arrer  of  thl* 
analyela  ;e  t3.CC3«:.:q5S  Oj*  Cotta  hata  btta  repertad.  where  the  eeeurety  of  tha 
aaaXytla  waa  iaereeatd  to  0*00<)(t  0||e 

lha  laat  of  the  Mthoda  of  oaalyala  uoad  la  hatod  00  tha  rtaatioo  hatwooh 
grephtto  aod  tha  a*i>9la  of  oodliaa  ot  high  taaporaturot  (f'*  Iho  voluM 

of  oarboo  •oocxlda  foraed  U  thla  roaatleo  dapooCa  eo  tha  aaoaot  of  o^rgeo  to  tho 
toluol  oaaploe 

for  oa  opproUMta  datoraleatloo  ot  tha  aaeuot  of  d||  to  tha  aodlioi  oador 
operatiig  aaodltleoa*  0  ataplo  doolto.  tallad  a  hottUoaak  oilda  lodlaotore  la  oaade 
Tha  hottloMOk  tadtoator  (fig.  SOT)  to  a  m»U  aectioo  of  toUag  laaartad  UU  tia 
almlt  patollol  U  tha  aata  doat  aad  ofulppad  with  a  aeoalo  (oollar)*  a  flwt  aatart 
a  Uiffonupli.  aad  a  dovlta  for  eooliag  tha  eliowletlag  aatol  with  wator*  air*  ota* 
Iho  llgald  la  wdo  to  flow  thron«li  tho  loUtotor  hy  a  rpeoUl  omU  peap  ar  hy  tho 


pr0«9ur«  dlfferanc*  in  the 


ng*  207«  Cottl«a«ek  ts^lcator  of  ezldaa  la  aoiloM 

(1)  Flow  uctari  (2)  Coclaoaari  (3)  ntanaoeeuplai 
(4}  CoUart  (S) 

T4<  oc4nt  of  oiyiao  U  4ata-'aiaai  U  tba  follo«lA«  w^r*  Tte  eca^ooMr  ioeotal 
te  frcat  of  tba  lulat  of  tba  ltqul4  tote  tba  sosa  of  eootroatlo*  of  tbo  atroM 
(aollar)  ta  turaal  ee,  Tba  cob^aaaar  gradually  aoeta  tba  aodlua  doaa  to  a  taapor* 
at^ara  aorraapoolta«  to  tba  ttalt  of  aotiibtltty  of  tba  oUdo  ta  tt»  Mbaa  tbit  taa^ 
cratura  to  raoeba4«  ao4i«a  oatdo  ba(lM  to  prootpttott  out  of  tha  aoUUoo  aii 
fonu  a  botttaaaek  la  tba  aorroaaat  aroaa  aaattoa  of  tbo  pip**  t*a»»  ta  tbo  ooUar* 
Tbla  bottUooak  la  tadtaatai  oo  tba  flow  Mtar*  If  tba  ta«parat««a  at  wbtab  tba 
bottloaaak  boftaa  to  fora  ta  baowa*  tba  aaewat  of  eior#**  ta  tba  a>tal  aaa  ba  iator» 
ataad  froa  tba  aolwbtltty  earwa  of  tba  eatdo  (Vli»  5^)* 

Tba  bottloaaak  tadUator  daatrtbad  ta  raport  waa  taatalloi  oa  tba  aala 
boat*  UhoI  aoatraauoa  waa  araatad  br  •  atoal  plata  wttb  alibt  opaaiata 

1*3  Mi  ta  ataaaUr*  tba  tadtaator  oaablad  tba  aaowat  of  aqrtaa  ta  ba  datawHaad 
wttbta  tlAtta  of  0*000(.0.08t(l  ta  Na  aa«  Hwt  (5iK  K).  wboa>filO»>370^}.  A  total 
of  about  JvO  oataiMaottoaa  wan  aadot  ptaUlat  raoilta  aapaatag  wttb  tba  lata  fna 
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•  ehnffll<‘*l  *nalyala  to  vlthla  ^  0*001j(i 


T>'^  i3Jl:ator  should  tw  coolod  at  •  rat*  not  •zeoeding  3^/b1b*  Cooling 
should  he  continued  until  ths  flow  of  aodlun  la  decr«aaed  h;  cne'balf  end  It  la 
certain  that  the  dAcr*a:>«  Is  elrcul*e'-OB  Is  sot  du*  to  aecldastal  faetcra*  Aa 
circulation  of  the  liquid  aetal  ttuou^  the  Islleator  c>ould  sot  b*  peraltted  to 
stop  completely,  3*-'.c8  the  oxide  hottleaecZ  fonrlc^  any  be  re  free  very,  10-15  tils 
after  halting  of  tae  Indicator  atarta,  the  flee  la  fully  restored.  A  eurr*  I’ln^ 
trutihs  tha  deereaa*  in  floe  *ftth  deertaa*  lb  teax-T.- t  .;ra  for  •te  type  of  icdlcator 
la  ahbvn  In  Fls<  <203  ^50^*  In  addition  to  alspllelty  of  daai^t,  oanTanlanc*.  and 
relltttillty  dorinj  operatlca,  th*  advantage  of  the  bottlanack  Indicator  la  tba 
coaperetlrely  short  tla*  Deeded  foe  unalyala  (about  a  half-bflur)e 

Sloe*  tUra  anj'  be  other  aubataneta  of  Ice  aolublllty  (s.g..  caielua)  in  tba 
fiOiUua  beaidra  the  oxldaa,  tba  affect  of  a  eoacestrotlca  of  tbasa  aubataaeaa  In 
the  Ratal  cn  the  opetetloc  of  tha  bottlanack  Indicator  should  b*  taken  Inho  sceount# 
Xn  practice  it  ess  not  pcaatble  tc  <  e'-ct  t^b  cn  effect*  This  nay  ba  dua  to  tka 
ecsparetively  hi  jb  de^rea  of  purity  of  tin  aetsl  being  cnolytod* 


rig*  206.  tbo  affect  of  tooilof  00  tba  redaatloo  of  tko  flas  at 
acdlta  tkrou#  a  bottlanaak  ladlaatore 
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Pptagalum.  If  It  ta  knwn  baforehACd  whether  the  llt>X  alloy  la  hjrpoautaatla 
or  hypeieutecttc,  tUe  nlatlva  coccentretloB  of  poteaaiua  la  the  all<;gr  nay  tea  4atex^ 
Bleed  to  the  arireet  It  at  the  freealEg  point  of  the  rllogr*  Othertrtee  aa  onalysla 
of  the  shape  of  *th'j  eoolts^  curve  of  the  alloy  aay  Indicate  whieh  of  the  eoapeaeata 
of  the  eiloy  predandcatee*  Actuelly,  reeoolla^  of  the  alloy  Bear  the  freeslag 
point  occuie  unlj-  in  eXloye  rich  la  aodlum*  Obvloosly  thla  la  due  to  the  foraetloa 
of  the  chvalcel  eoeopound  Ka^K. 

The  chiTdeaX  s^tholt  for  deteetiag  potesaXua  SNaticood  Ulow  are  aore 
eceurete* 

1.  The  KvX  alloy  la  reBcved  la  e  apeclel  aspCMle,  ia  welgbadt  aad  la  treatat 

with  alcohol.  Then  the  prudueta  of  the  reectloa  are  titrated  with  aeldt  aalhg 
cethyl  oreege  at  ea  Islleator*  Th*  error  of  the  aethod  la  It  |« 

2.  The  >‘a«K  alloy  la  treated  la  thla  way  la  ordtr  to  etetala  a  alxtur*  of 
chloride  aaltt  of  Ka  tad  K.  tha  relative  eoBceetretloa  of  which  la  the  alitura  aaa 
he  fniad  with  the  eld  of  allver  attrete.  Itela  atthod  la  alaeat  aa  accurato  u  tha 
flrat* 

The  aptetrdifetrle  aethod  of  aa.;lyaia  la  c  hl^ly  aacatttve  oat*  hut  aa  Mcunta 
ceteralhetloa  of  oe«  of  th»  oUcmII  awtela  ta  the  yreaeata  of  ^aat  guaattttaa  af 
tha  ether  la  difficult  teoeauae  of  Bitual  Itterfcreace*  The  c«cara«y  of  tho  caolyala 
tea  he  laeneaed  hy  avparattag  tha  aodlwa  tad  potaaatua  aalta  hy  tha  lo^oathaagt 
octhed  follewad  tqr  phetaaatrle  detenalBettoh  of  tha  rrletlvt  coeeeotrotlca  of  tho 
aoltn* 

ealatw.  for  aoeaeoiratlooi  ranglat  frea  0*09$  to  O.lt  aoUlwa  la  datoatod  ^ 
titratihd  the  ee<a»le  wlU  a  oolutlea  of  ethylaaadtaqaototraMitla  oatd  (Itraaao 
oaluttoa)*  Midwettoa  of  tha  avauroty  af  tha  aaalyalo  due  to  tha  ptaaaaia  of  o 
kedihar  of  aeula  (li«  Oo.  fa,  0a«  Mi)  la  the  aadlaa  aaa  ha  avoddad*  1%iy  aaiUi 
duaatttlaa  of  aoeelwa  (1  at  *•  oavarol  Mlagreaa  af  aadlioa)  aaa  ho  datactad  ty 
yCMlhiUit^  It  cut  of  tha  aoayla  with  Iqrdrvayuadh*  ItM  followed  hy  ymlvltdtldh 
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of  the  cinlate  tied  titration  of  tH»  pers'neannta  preclpltnt* 


Tba  e^'oetrcsrapble  Mthod  and  a  nethod  taaad  on  tha  aoaauraaent  of  nautrcB 
activity  aay  aXoo  t«  uaail  whan  analyalng  fOiT  ealelua. 

Carbon*  Carbon  la  aodlua  la  uaualXy  detected  In  the  following  wap*  Va*  aasipla 
1:  ’.'y  I**  oryS'*o  ataoepberw*  so  that  ell  the  carbon  la  eon* 

eert-l  icto  •  c4:hoc  dloiile.  vhlch  la  then  rollscted  and  weighed*  The  error  of  the 
tawihod  it  SlS‘ 

The  eecooi  nothod  nf  tan->ly9l9  l9  baesd  or  th«  scfireralon  of  aodlua  Into  s<^;  ja 
salfatOt  wMck  la  bixt  ad  with  liquid  Tan  Slyke  fuel  In  e  apeoli-l  de?lf^*. 

The  quantity  cf  CO^  f orn C  1»  deteirdred  ty  the  voluffatrlc  ntthed*  Ao  ac  ('*107 
cf  the  ecAlyala  la  S’O.POijl  C*  when  the  leount  cf  earten  In  the  neta}  about  O.OIS* 
The  third  cxlntd  cf  ecelyais  ccectats  in  coawartleg  -lodlua  Into  odluik 
hyCreaJIda  (KaCK)  by  trvetlng  It  with  aolat  nitrogen  and  then  burning  the  realdtM* 
t^'lrvvrn,  a  cct^iotect  of  ia\-«ral  cf  the  Inpurlttko  In  thn  aodlua 
(IhtCK,  NaK*  etc*),  u  detects  Iqr  heating  the  tacyle  up  to  In  a  hanMtleally 
ttalt-d  iren  ea;au*i  la  •  etcuun.  A*  *elu£t  cf  the  hydrteth  dlffuathg  tharngth  tko 
veil  <r  (K*  enpnula  la  loaaured*  Ae  arrer  cf  tta  atalyola  lolO*jBl* 

Pppllcattcn  of  thU  gtlhcd  to  0  acdtvf-pcuaalua  alloy  did  oot  glet  ootlo* 
fMtery  reeulta  he«*u<a  of  the  tuonpleta  to,\nrol(«  of  XON  Into  poUonlMi  aiAdn 
d'artng  bcottng* 

It  la  thaorattcolly  poaatbte  to  datarmlna  tha  aeevnt  of  acdlun  kpdrido  in 
aodlva  with  the  old  of  a  deotae  atodlar  to  the  hottlocaafc  anldo  Indtcador*  alMO 
U*  Unit  of  aoluhlltty  of  Ua  hpdrUa  in  tho  atul  la  haoon  (fit*  5^}*  The 
cumy  of  tho  analyola  nay  ho  oTfaattd  hp  an  adnliitur*  of  ootltua  oaldo  In  tho  urotMh* 
Nkjela*  tW  pcopomtloo  ftar  anolytlig  aooaun  or  potnoaltoa  f«r  aotolllr  t«|n» 
rltlao  aoootato  of  tho  foUo»litg«  tho  aetel  ra— fad  fron  the  oyoun  la  ttoatod  with 
olaehcl  (eUy  l.  ■elkrD*  ae  0  reoull  of  whUh  eedltan  (or  pot*Ml«M0  ulaohoUU  to 
foaond*  Ala  orM<-tl««  lakoa  plaoo  at  roan  laapafotwga.  prefhrahtt  in  a  ahtali  ad 
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sf  tu6  ozalnte  (uad  tltratloa  of  the  pertoasgaiiate  precipitate* 

The  spectrc'graphie  oothod  aad  a  method  baeed  OB  the  aeasxirecieDt  of  aeutrCB 
activity  also  be  used  whea  eaelyzlog  for  ealeiua* 

Carboa.  Cerboa  ia  sodiua  ia  usually  detected  in  the  following  way*  The  aeapla 
is  heated  up  to^  =  9fO®C  in  ea  oxygon  ataoapherei  so  that  all  the  carbon  is  eoa» 
verted  Into  carbon  dioxide*  which  ia  then  collected  and  weighed*  The  error  of  the 

fiiethod  is 

Tlie  second  mnaod  of  en°lysl»  la  baeed  oa  the  eonveraioa  of  aodiua  into  aodlua 
sulfate,  which  Is  burned  tc^gc-ih:!  •'Ith  liquid  7aa  CljVt  fuel  ih  e  special  daTlee* 

The  q,uuntitj  of  COj  fora^i  It.  detendi.ed  by  the  vcluaetric  method*  The  eeeuraey 
cf  the  cnolysic  la  t  C.C0/:f  C,  when  the  ercunt  of  earlca  ia  the  ratal  ia  eb'.xt  O.OU* 
The  third  c.'.thcd  cf  anelysis  ccnaiata  in  eor.«ertli.g  aodius  Into  aoditat 
tjuixi-'ido  (J.'aCH)  by  treeting  it  with  noiit  nltroccB  end  then  hurnlag  the  reetdue* 
Ihdrc.-'.cB*  Ey<lrOi,in,  a  eociior.ett  of  laverel  cf  the  lapurltlea  in  the  aodlva 
(ICaCH,  VtiX,  etc.),  ia  detected  by  heetieg  the  tanplc  up  to  in  •  herMtioally 

Eteli'd  ires  capsule  in  t  vacuui.  The  Tclvite  of  the  hydrogen  dlffualng  through  tbo 
veil  cf  the  capsule  is  aeosursd*  The  error  of  tbs  ar.sXjats  ts^O.SX* 

/pplieatioB  of  this  aethed  to  a  scdluE^pcttsstuis  alloy  did  aot  ctee  Mtlo* 
factory  roculte  because  of  tbs  IcecKplste  eunvirsion  of  KOK  lato  potooslUB  oildo 
during  besting* 

It  is  thsoretlcally  posstbls  to  detsmiis  the  (ceuBt  of  todlua  hydHdo  U 
sodium  with  lbs  eid  of  •  dsvice  aisiltr  to  the  bettltasek  oxldo  indleotert  oIboo 
the  llBlt  of  aoluOility  of  tho  hydride  la  the  nstsl  is  known  (ng*  51)>  An  an* 
curacy  of  the  aaalysia  ;My  bs  effeotsd  by  an  adaixtwre  ef  aodiua  oaldt  In  tin  vataa* 
KstaXa*  Tho  preparstioa  for  analyaim  aodiua  or  peteaalua  for  aeialli*  Itgaa* 
rttlea  eoulota  of  tho  followlngi  Tho  aiUl  roaovod  frea  tho  oyotsa  la  tiMtod  with 
oleohol  (othyl,  MiUyl),  os  s  lasult  of  whith  oedlua  (or  poUsolua)  oloeheloto  lo 
fcimd.  Thio  eporetlcB  Ukss  plooo  ot  rooa  teaparotur*.  prefsrohlp  In  o  ohlold  «< 


ir.ert  gas  (Gitrogac),  since  the  presence  of  peroxides  of  elikSll  Minis  CsspeeisUy 
potassium)  Is  the  sar.ple  may  rcsder  the  reae;.ior  exploslTs.  It  la  e&ccstiel  to  prs» 
▼eat  Intense  ereporstloi:  of  tice  alcohol  end  remoeel  of  pert  of  the  scsple  together 
wil'u  the  alcohol  eapors.  For  this  purpose  the  sample  »el«l  ie  tiuivXi,  cut  into 
smell  plecect  and  added  grudually  to  c  mixture  of  aleobcl  and  dry  Ice*  When  the 
teivcratiire  la  Increased  tc  rocm  temperaturet  a  certain  quantity  of  acid  la  formed 
in  addition  to  the  ether  products  cf  the  r<*ceticn>  The  reaction  nay  he  sieved 
devE  by  piscine;  sodium  under  e  laj'er  of  mineral  oil  in  a  henlcar  and  alowXy 
p  ui'lng  alcohol  Into  the  bceirer  in  en  Ir^rt  grs  The  piepsratlcs  of  the 

sni.ple  fer  acelysla  la  completed  by  dlsaolvlng  the  alcoholatc  thus  prepared  in  watar* 
Tue  rout  ectkver.lent  and  eccurate  melhod  of  am  lyals  for  netallle  Impurittsa  It 
v'.'.ics  or  pu'i-usiu^  is  the  apectrogrephlc  u«.thod|  which  may  ha  used  in  a  vide  range 
of  c  t  cu treticna  of  the  clastnta  to  ho  dettotad  (Tohlo  54)* 

Tebla  54 

Sersitielty  of  the  Spec tregrephla  Method 
of  aetictiig  Certain  Elaemnta  in  Alkali  Natal* 

Elescnt  Scftctitlta  dataetad.  t 
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AlviBlra 

0,0025 

0.U25 

iMrlua 

o.co<9 

o.ou 

Calaita 

'  e.euo 

1450 

Copaar 

0,0025 

0.125 

Zroa 

I  0.0025 

1 

0.125 

Ft^aaala* 

!  O.025O 

1450 

j  0.0025 

0.250 

Mckal 

1  O.MU‘0 

0.12s 

SUteo* 

0.0250 

0.125 

SteoaUwa 

0.0025 

0.012 

I 


The  content  of  cnrtaio  (aetfillle  iapiirltles  sio}-  t«  found  by  rsdloeheatlsal 
analysla.  Tbla  method  mey  b«  ’Ased  to  study  the  solubility  in  scdlun  of  eleiDerts 
coiiteict'd  in  str.cture.l  <i*nrin  components  or  ss  lJiii;'tfltie8,  s<2«t  Tot  Co# 

Crt  Ta,  Kg,  2ix,  Cd,  Sb,  Srit  and  Cs>  The  great  sensltlTlty  of  radlochasi esl 
••  nelysis  (leble  35)  m«iee  it  the  only  possible  nitthod  of  quantltati/el/  detectiDf 
impuritUs  In  «  cu3bi>r  of  cofcs*  The  error  of  the  netbod  is  apprczio^itely  of 

the  axoimt  to  he  detestsu. 

Table  55 

Seuiitinty  of  Hedioebtmicel  Analysis  to  Certain  tleBanta 
of  toe  I^riodie  fsbla# 
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Ce>lSEatic>asi  aeraitivity  tils  quantity  cf  tbs  alewat 

Beaded  to  conduct  an  accurate  anaXyaia  aasounta  to  0»l>10  ■lcrep«M)i 

f  "  }  •  (oed  aanaitieity  (tfca  necaBaary  quantity  of  the 
alacent  aoeuata  to  KT^-O*!  •tero^pnaa)# 

Pi  •  rare>«art)i  alaaantae 

Xa  the  aaaa  of  earUla  aatala  the  reaulta  of  aaalyala  obtalaad  by  notboda  «f 
Mutroa  aatlvlty  and  ordlaanr  abcalaal  aethoda  diffar  giaatly  froa  aaah  etbar*  Ter 
aaanpla,  tbs  assuat  of  tree  la  aodtua  rewead  trm  tba  prc'aaa  circuit  aacordlni  t« 
lu^ieeaatdcal  aaalyala  ia  uaually  I00»l*009  ilnaa  lass  tsea  it  ia  aoeordini  to  ordinary 
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chemieel  aLolyala  eocductedt  for  example,  according  to  the  ooloximetrla  aethod* 

Before  eonductlog  a  chemical  eaal^eia  for  metal  eoBtent,  the  aample  la  treated 
vltU  coD'.ei.kr»' u'd  hordrocblorie  acid,  after  which  the  precioltate  ia  filtered,  thua 
paitlelly  aepar;itlBg  the  lapurltiea  remnialDg  Id  the  filtrate  from  the  txiae  aetal, 
Chemical  fflcthcds  of  erel^  zing  sodiun  eod  potaaai'iB  are  uaually  used  to  detect  the 
followii:^  Ispuritiest  chlcridca,  Bitrcgec,  phosphatea,  aulfatas,  heavy  aetala,  and 
Iroo. 

The  detection  of  mercury  Id  aodlua  and  aodlum  in  merextry  la  of  apeciel  Intereate 
since  K.rcxo-y  la  used  in  llquid-setal  heat^ezchangara  for  filling  tha  apaea  aapa> 
rating;  the  tuba  aystesa  of  the  heot>ezcbane«ra,  direct  coi.tect  betvaan  which  la 
fcrbiddao  (c.g.,  wetur  and  sodium),  large  qucntltles  of  aarcury  la  an  alkali  matal 
any  be  determined  by  eztrectlr.g  the  aodlum  from  tha  aampla  and  then  walghlnf  tha 
rtaldue.  To  detect  small  quantttlea  of  tiicrotiy,  it  Is  best  to  uat  the  apeetr^ 
d^ephle  method* 

When  thi  echcentretloB  of  mercury  la  aodlua  or  potcnclux  la  about  5  *  10*3*, 
tee  saaiia  treated  so  that  the  mercury  la  la  a  aolutloa  of  alkali  matal  salts* 
'res  which  it  it  then  extracted  Iq  amalgeootlcn  of  coppar  powder  la  an  aoldlflad 
solution  cf  ehlorldas* 

hC.  Purlficatlce  of  godlua^aad  ya»X  Allar 

Zf  *ha  ilkall  metala  are  not  cleansed  of  ozldia  perlodlaaUy  or  eontliiuoualy* 

In  the  '.wuraa  ol  ttaa  main  duets  of  tha  syatem  beotsH  aoBvlately  alecfsd  up* 

Toe  farmatlok  of  oxide  bottlacseka  la  tha  plpaa  la  acre  uharactarlatlc  of  aodlua 
eiroulta  t^'an  of  addluia>potesslua  olreulta  *  Kauaa  cf  tbs  lever  Miouat  of  caygan 
la  Nt-k  than  la  aodl^,  ainea  the  sodlw  in  thx  alloy  la  oxldliad  salaotlwaly  (so* 
Chapter  11).  The  oaxlaua  aoboentrattoa  of  oxygen  la  Ha  la  tha  foxa  dir  walghad 
partlslsa  of  oxides  ic  0.04>0.0<tC  (by  walght},  whlla  in  Ne-K  allora  It  aouata  to 
0,Cd-0,^e 
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1«  ri-tratloB  !■  •  good  method  of  cleasalcg  aodiun  of  Insolubl* 
purities,  FcTiAis  6tn5iiiese.ateei  or  glana  stralaars  ara  malnljr  uaad  aa  tha  fll- 
terlEg  material,  and  meUl  slaTea  to  a  leaser  degree.  The  use  of  filters  vlth 
Sleaa  asrolnera  ia  llaited  to  laborator*  t-Tperloeiita  ccoducted  at  eomparatlTelx  lo* 
temjereturea.  Ii,...r8  amd#  by  aietering  staiBlesa-ateel  poedar  hera  paras  tha 
dTerh).^  size  nf  «hirr  ts  10  mleroca* 

k  liqeid-m.-t»-l  circuit,  as  a  rule,  is  equipped  with  a  filter  inatallad  ea  kite 
ch-Jeiii^  duct.  During  cperatico  of  tha  apparetua  czldea  aad  ether  Ihaolubla  Impuxw 
iiioa  gradually  aceunulate  in  the  filter.  Aa  a  result  the  presaurs  drop  naadad  ter 
a  given  flew  of  liquid  through  the  charging  lint  inereeoes  aa  the  tima  of  oparatica 
of  the  apparetua  increases. 

It  nay  be  aaaused  that  in  tha  ease  of  a  filter  with  poraa  whose  avartga  alM 
la  i  aicrona,  a  flow  of  sodium  through  tha  filter  of  <v  4,000  kg/^*hr  eorraapoDda 
to  a  preasura  drop  of  1  atmes  aha.  If  the  teoparatura  of  tha  catal  ia  120*15 
Ibata  data  are  eerroboratsd  by  azpariasht* 

Tha  diffleultlaa  arl-iing  from  tha  eohstent  elogglng  up  of  tha  filters  eaa  ba 
Ussseed,  if  they  ars  eorstruetad  la  such  a  way  as  to  permit  pariodle  oloanlac  or 
waabtoge 

Tha  sffietsaer  of  a  flltar  with  a  porous  oatsllts  atralaer,  i.a.,  tha  ratio 
hftwaes  the  amount  of  oxide  eollaatad  ty  it  to  the  total  quantity  of  eadda  ia  tha 
aatal  passing  through  ths  strsinar,  wita  from  6u  to  95)1  dapanding  on  tha  aoadt- 
ticna  ft  filtrati)'o.  Tha  sffiaisaay  iiiereaats  aa  tha  quantity  of  oalda  ia  tha 
initial  natal  Inersaats*  nitsra  with  porous  ataiolasa  stsal  atraiaara  aoUaat 
partielaa  aa  small  aa  1-2  mlarooa  £l35]  a 

Tha  uaa  of  filtara  aaahlaa  aodlum  to  ba  alaaasad  not  only  of  eaddaa,  but  alao 
of  othsr  iasolubla  inpuritlea,  a.g.,  filiaga,  ahSTiaga,  and  slag  falliag  iata  tha 
oireult  duriag  its  aaaambling  aad  diamaatliag, 

:?/ 


ICU554 


<«■ 


Fig*  biO.  Cold  trap  with  forced  eirculatloB  of  sodlua* 

(l)  (liquid)!  (2)  eolli  (3)  ftllvri 

(J*)  •eo&euluur* 

l«t  us  tors  sou  to  s  dsjcrlptloa  of  cold  traps  with  eoatl&uous  forced  etreu* 
latloa  of  suUl.  Such  purlflcstloD  dsTlcss  srs  most  aultsbls  for  Isrgs  lastsl* 
lOtlOBS* 

Fl0!r«  210  schsoitlesri^lr  shows  m  cold  trap  togwthar  with  ■  hwst^sxchSBgsr  • 

t‘.«it>.ll«d  parellsl  to  tbs  bsIb  duet  of  the  syttsa»  sad  th* 
Bstsl  la  Bsds  to  ciiculst'i  ttroueb  It  'tthr*  by  ths  pressure  dlffsreasB  la  the  aalB 
duet  or  by  c  apMlal  purp*  ^  lastsllstlsa  of  a  bssWsiebaacBr  >  eeoMalBsr 
gttbtr  wi  '.h  a  C'vld  trap  Is  aot  ■aadstory*  but  Is  daslrabla*  sIbos  it  kaapa  tbs  ta»> 
parat\aa  of  tha  liquid  st  the  outlet  of  tba  purlfieatloa  daelaB  aqual  to  tbs  ta»* 
p«raiu.*a  if  taa  liquid  at  tba  lalat*  Vatar*  oil*  Oewtbaiat  and  tolueaa  aigr  ba  tiaad 
aa  aoollai  B<dla  for  e  44  traps*  Tbs  eoollac  teaparatura  of  tba  aodiaa  la  ttsaallp 
shoaaa  equal  no  150^*  altboudb  it  la  saettass  raduasd  to  130>1400C*  Tba  latanal 
fillar  la  aads  primarily  of  praaasd  ateal  wlra*  Tba  trapa  aro  daalcaad  far  aa 
optlaus  fl-rw  of  lif-dd  watyiag  reoa  5  lo  100  liUr/s**.  aatal  nisi  waali  la 

Sti 


1CU554 


PurlfifBtlon  Ip  CoH  Traoa.  The  slmpleet  cold  trap  la  a  oertcln  revto««  iz 
which  the  clroulatln^  metal  la  cooled  down  to  a  temparetura  corraspondlcg  to  tho 
Unit  or  aolubillty  of  some  Impurity  (3ur.h  aa  an  oidlde)  lo  tha  metal,  as  a  ratult 
of  which  tha  Impurity  is  precipitated  In  tha  trap,  ^ 

Toora  are  two  types  of  cold  traps*  a)  aettllag  tanka  In  which  preelpltatlOB 
of  Impurltlea  takes  place  hy  dlf^aslcg  tha  impurities  from  tha  main  straaia  Into  a 
region  of  caoiparatiTaly  low  temperaturea  (diffusion  trspa)|  b)  traps  with  feread 
circulation  of  tha  metal.  In  which  tha  aodlua  la  cooled  as  It  aoros* 

Tha  first  type  of  trap  la  shtm  in  Fig*  20$.  Tha  aattllng  tank  conaaotod  to 
tha  siln  duct  cf  tho  systaa  la  cooled  by  eonvaction  of  tha  surrounding  air.  Tho 
casing  of  tha  settling  tank  snist  ha  long  enough  to  ennbla  tha  tamparaturo  in  Ito 
lower  part  to  ha  dacreaatd  to  12O.130%,  da  was  ahown  by  azparlaant,  whoa  tho 
tcaperatura  of  tha  sodium  in  tha  main  duet  la  a)ual  to  this  loBgth  io 

23^300  tiD,  X  diffusion  trap  is  used  smlnly  to  elaanao  sodium  of  oxldoo.  Tho 
coccantrotloo  of  ozldo  la  tho  aatal  la  tha  sattllag  tank  aftar  proloogad  oparotloo 
of  tha  trop  3A^‘  amount  to  as  much  at  201  or  oora.  A  eaaa  haa  baaa  daaarlhad.  vhato 
in  a  plpa  12  sa  long,  usad  as  a  ilffaaloa  trap,  th«  eoncoatrattoo  of  HsjO  oaouatod 
to  70St  of  tha  autlra  eoaiaoU  of  tha  plpo, 

Tho  aattllng  tanks  helng  usad  at  praaoat  oaaaot  ha  ragardad  a»  parfaetad,  Tho 
•oat  wldaly  usad  trapa  art  thoaa  la  tha  fora  of  a  ayllndrloal  ooototnar  aoDoaetod 
to  tha  oyatam  hgr  a  tube  of  the  taat  dtasatar  at  tbot  of  tho  wta  dust.  Xa  tklo 
eaao  tho  ratio  batwaoa  tho  aoluaa  of  tho  Mttltag  tank  and  tho  toIum  of  tho  vholo 
qrotoa  la  0,01.0.03. 

Xt  la  net  of  groat  laiiartai.oo  ebora  o  diffusion  trof  lo  IsotoXlad  is  tho 
ayatos,  althou^  froa  tha  podst  of  alow  of  Istosslty  of  purtflootleo  It  Is  prafs^ 
ahla  that  tha  trap  ha  Isttelied  Is  tho  hot  aaotioo  of  tho  olroultt  wharo  tho  ts» 
paroturo  dlffarooaa  hatwoaa  tha  upper  sad  lewar  porta  of  tha  sattllag  tsak  la  a 

At  tho  aaoo  ttmo,  tt  to  daolrahla  that  tho  hoot  loooos  oouaad  bp  tho  trop 
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not  be  great  .  Ib  a  caee  vbore  these  losses  oiust  be  a  miniinum«  it  la  prefarabla  to 
install  tbe  settling  tank  1b  the  cold  section  of  the  circuit* 

Diffusion-type  traps  ere  used  to  precipitate  certain  metallic  liajatrltlea  v>f 
aediusi*  e.g.  •  iron*  comlt*  and  Biekal*  It  was  sTen  noted  that  tbe  prasenca  of 
sotillng  tanka  ir  the  system  intsnsifled  the  aggresslTe  aetlon  of  sodium  on  ataii^ 
Ina*  at**!:  It:  this  CSSS  Certain  substaacea  contained  In  the  ateel  (7a*  Cr.  m) 
gruiually  aecunralated  In  the  trap  after  being  tranaported  from  the  hotter  aectiecsi 
of  the  circuit.  Ite  transport  Bccbanisjn  la  not  clear*  although  It  may  be  aasumad 
that  It  is  eceoapanied  by  a  reaction  bstwoen  the  eleiosnt  being  tranaported  and  tba 
sodium  end  the  oxygen  ccntslued  In  the  aodlua*  alnce  greet  trenaport  Intensity 
usually  eccempunies  e  larger  eohcectratloB  of  oxide  In  the  ayatesu  Xt  should  ha 
noted  that  tbe  subateneas  tra&sported  to  tba  s-ttllng  tank  nay  be  gradually  ro> 
turret  to  tbs  systes.  If  the  cold  trap  la  heated  up  to  the  teaperatuim  of  the  oli^ 
culatlcg  aodlvmu 


ng*  209.  A  dlfruolo»>typo  told  «r«»e 

(1)  droiwgo  volToi  (2)  Mia  duett  ())  oattllag  tank  far  oxldMe 


th«n  foi'  Dot  left  Ibu  tlira*  Bloutaa*  The  crots  iiaetlcua  of  tM  sbsi>^ol« 

cf  the  haet'CiebaD^or  ••  ecoalaisort  ••  well  aa  th«>  eroaa  aeetlooa  of  tha  lalat  oad 
cutlat  ecnsactlog  tubea»  muat  ba  ebocan  aa  large  aa  ;«aeib\a,  ii>  ordai-  to  prersnt 
them  frun  beecoilag  cloefed  with  ozldaa*  Tba  eoclisg  aystee  a>uat  salatKia  aa  aaes 
reductlcD  la  the  t.ni<p«ratura  of  tba  Betel  wblla  it  ia  flowlog*  Ctharwlsa»  loeol 
uecijKule'icae  of  ozidaa  say  fom  wltbln  tba  filler*  A.  auQcasafully  daaigoad  tra; 
the  ixhcaatretloo  of  oxygen  la  Dcdlua  to  0>OOUCe 


ilg.  211*  BediietlcD  la  tosyaritura  at  tba  atari  cf  praelpltottoft  Of 
oxldaa  la  aodiuB  paealag  through  a  ecld  trap /tfilMi* 

It  la  daeirabla  that  the  Betel  ba  purified  esbtioucualy  duribg  eparatloa  at 
tba  laatallaxioa*  If  at  tha  iaitlal  acBaat  cf  tisa  there  are  ao  oaidaa  ih  hh  uhAla* 
aoltad  atata  ih  tha  ayattR*  tha  ralaticoahip  betwata  tiM  aud  tha  total  aMoat  of 
ozygca  to  tba  ayateo  aay  ba  eayraaead  hy  tha  fellowihg  a^uatteai 

;  '  >  (ioi) 

waara  >«  ia  tha  iaitial  acocaatratioa  of  Oj  ta  I| 

ia  tht  aooeaatmtioa  af  Og  aorreapoadtag  to  Uta  Halt  of  aakuhtUtp  at 
tha  oaldaa  at  tha  t  aapaiatura  of  tha  aoU  trap  ia  t| 
s.  ia  the  ecttaeotratiea  of  0}  at  a  giaaa  aaaaat  ef  tUa  la  f| 

Q  ia  tha  aoliMtrta  f  Uw  of  tha  liquid  through  tha  tvaf  la  a^/hri 
W  ia  tha  toul  eekaa  ol  tha  ayatta  la  b)| 

la  the  laagth  of  aparotioa  af  tha  trap  la  houraa 

Za  ardar  ta  roduta  taa  ouaaaairotiaa  of  0^  la  tha  ayataa  to  tha  ttlaa  )£^*  it 
la  aaaoaaary  ta  paaa  all  tha  aatal  ihr«v(gh  tha  trapahout  throa  tiaaa  (Fig*  2U)e 

•f  'Hj 


MCUiSd 


7U«  totsi  quantity  or  oild«  precipitated  in  the  trap  after  one  operating  eyele 
(before  veeUlag}*  ia  not  lean  than  lOjl  (by  velsht)  of  the  Kh^O  in  the  entire  quantity 
of  scoium  vhich  the  trap  unit  ccntaiB> 

Cold  trepa  tuike  it  possible  for  tee  inatelletiona  to  operate  tar  a  Icng  tiaa 
without  tec'cinis  ccntioslnsted  with  ozldes«  for  ezsoiplei  Ball  and  Crcfta  noted  that 
without  a  cold  tri'p  their  apparatus  operated  only  lereral  hundred  hoursi  iftor  vhleh 
the  experliDvEts  vurc  halted  because  of  the  txe'.aaiTe  aecuanilatloa  of  ozidea  la  tha 
systkica  After  iutellntlon  of  a  cold  trap  the  circuit  operated  for  10,000  houra 
without  beecetlng  ccntamlneted  with  ozidea* 

Cht.lci.l  PurlflcAtltn.  CbeiLlc»l  r«::ii.*al  of  oiygen  froat  ia  dune  by  adding 
to  the  syattffi  eubatoncet  which  reduce  aodtua  oxide.  Such  aubatoncca  nay  ha  ehoaaa 
hj  eoaparlnt  the  themoehemcal  cuaraetarlatiea  of  oxidation  raaotlona  of  dlffarant 
elcBeais.  The  given  cuhstescea  aay  not  alwaya  ba  effeetlva.  for  txaapla*  haiyl* 
Itun  uiida  has  greater  fret  foreatton  energy  than  aodlua  ozlda.  Hewevar*  undar 
actual  exlatirg  e<nditicw  berylliuB  does  not  reduea  MaO* 

Pcduclhe  a^ente  can  h*  divided  Irtc  two  tloitea.  To  tba  flrat  belong  elsMntn 
which  thtMt’ltea  ditaolva  rendily  in  liquid  mtal*  but  fum  ukidea  which  are  net 
readily  soluble.  A  typical  csasiple  of  such  an  el«o«nt  la  etlclua*  which  in  praaiiaa 
was  added  to  Ba  In  quantitita  of  not  last  that  ana  percent*  Xt  wan  found  that  la  a 
Kajorlty  of  caaea  aa  addition  of  cwlctua  intenatfiea  tha  nggrawivw  nntioa  of  tha 
liquid  aatal  on  atalnt*aa  ataal.  although*  on  tha  other  hand*  avldaata  of  dtoraono 
ia  cerrooita  in  the  preaence  of  calctua  wta  notod*  Ohatwnly  tho  dooreaoo  ih  a«^ 
roaicn  raaulto  froa  tha  raduetioa  of  tha  sadlua  ozlda  aggreaalTcly  aatiag  oa  a 
awhtr  of  aatarlala  (aoa  Chaptar  ZV)>  To  thin  elaaa  of  nuhataaeaa  haloag  UthduBe 
aagaaoiwB*  aad  hariua*  whieh*  la  aoatraat  to  enlctua.  da  not  red*ica  tho  aorrooiaa 
raatotaano  of  tho  otool* 

Xaoaluhlo  oaidao  of  rateelag  agsata  ara  raaoted  trm  tha  ayataa  If  flltratlaa 
or  am  praclpiUtad  la  a  aald  trap*  If  thara  la  ooo  In  the  alrault*  Staultaanaua 
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use  of  reduclc£  scents  aid  cold  traps  Is  not  oandatory. 


The  collection  of  insoluble  oxides  of  siienesluiit  lltblun*  and  berixoi  in  cPU 
traps  ha:i  ceTer  been  described* 

To  the  seccnl  class  belong  substcncea,  which  tlesiuelves  are  Insoluble  la 
sodluB  and  fora  Insolut^le  ooLldes*  e.g.,  uthdIub,  tlteniua*  and  zlrconlua* 

If  need  be,  chemical  siethcds  be  used  to  remove  Ka  froa  X  and  X  froB  Na* 

Sodium  la  reu'-ved  pottiaalua  by  adding  oJVfiea  to  tha  metal  and  then  raaorlac 
the  1^2^  ^  filtration  cr  by  preclpltatlcn  In  cold  trapa.  A  small  amount  of 
potaasiuo  may  Ue  reaovad  from  acdlua  by  heating  tha  matnl  to  300%  with  grapblta 
and  then  filtering  It.  ly  ao  doing  the  coricentrstlon  of  poteaalum  is  reduoed  to 
^  0.0(^. 

Slullar  Dktboda  are  theoretically  possible  for  roaovltg  Ca  tnm  Ka  aad  Ih  vy 
from  Ca« 

Ourlrg  actual  opcratlca  of  llquld-scUl  powar  plants  ebamlcal  matboda  vara 
mainly  used  fo.-  remoTlng  oxygtn  froa  aedlua.  Cbteleal  purlfleatloa  of  Ite  van  alaa 
used  vher  testing  materials  for  eonroalca  .*etlatanra.  Wen  tettle^  aptelaaaa  of 
tirccdlust  sodlua  was  cbemieally  eleanaed  of  eltrldta,  hyArldet*  and  lUnlt* 

Vhea  addltfi  reduelrg  agents  to  o  rueletr  maoter  eyetea*  tbetr  nuelear  proper* 
ties  must  be  Ukaa  Into  account*  for  tble  reeeoa  elements  with  s  large  asatreae 
eapture  cross  teotloa  should  hot  he  used*  Hbr  rbsuld  cltwnts  be  aaed*  If  %to 
products  of  tbclr  Irrodlstlea  have  a  long  bslNllfa  la  tha  rsaeter  or  if  thap  aro 
souroeb  ^f  hlgNtnargr  radlatioge 

Dtstillatina*  Xa  the  first  stages  »f  utlllMtlca  of  liquid  astala  M  ooolanta 
diatlllatioa  was  used  to  remove  osomeu  from  scdliv*  TWa  It  teas  found  that  ooid 
trope  oaauro  puiifloatloa  of  ao  loae  high  quality  th«B  that  attalaahla  with  diatllv 
lattea  equipment*  At  the  aeme  time  they  ere  ehesper  to  produeo  ead  aoro  eamrealOBt 
to  opsroto*  Nswovar*  through  diatlllatioa  alkalla  aad  elhall«earth  alesmuka  eaa  ha 
rtaovod  ttm  Ns*  end  a  auperftao  purlfleatloa  of  tha  Isttor  een  bo  oohlovod* 
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Thus  tfii-dujjh  Tacuum  dlstillotloc  Ka  can  ba  Btade  99*9995St  pure* 

^7.  PrcY«T.tlor.  of  Accidar.ta  and  Flrco  When  Working  with  AJtatll  Ketai^e 

Aik ‘11  metals  require  speclel  crnsl deration  fros  the  point  of  Tii^r  of  accident 
and  fire  preTer.Tlcn  becouse  of  their  great  actlTity  in  comparison  with  other  »ul^ 
fittir.cefl.  Slnie  arperler.ce  In  prolonged  operation  of  liquid  metel  installation* 
uai-  K-quired  rsfilrly  through  working  with  sodium  and  a  sodiu]n>pctasaiun  alloy*  the 
in^ortr/.Mon  ^irtn  tele-’  tcnceridng  accident  preTention  relates  alsiost  exclusively^ 
to  these  netela.  It  .-ey  be  assumed  that  accident  prevention  measures  for  vorking 
with  lithium  KT6  similar* 

Obserretion  of  the  proper  precautionary  mensures  ensures  safety  of  operation 
vitli  slkell  metals  even  at  high  temperatures  and  pressures!  and  tbase  precautions 
are  no  greeter  then  those  required  when  working  with  other  hot  end  potentially  az» 
plosive  ckiterialS(  many  tons  of  which  are  produced  every  day.  Aa  was  shown  by 
ezp<‘rim':ntal  operation  of  alkali>aetel  power  plants  in  the  Knolls  Atciale  Energy 
Leborstoiy  (USa}«  the  power  plant  cen  be  opercted  safely  for  an  uninterrupted 
period  of  tuns  of  thoujands  of  hours t  if  safety  iscueures  are  observed* 

Pronertte*!  of  Alkali  tVtuls  Injurious  to  Health.  The  properties  of  Ka,  K, 
and  their  alloys,  from  the  point  of  view  of  their  danger  to  heoltb  and  the  danger 
of  their  causing  fires,  are  simller*  Hovevert 

1)  In  contrast  to  Ka  and  K.  their  alloys  used  as  coolants  are  liquid  at 
rour  ♦  sioperature  I 

2)  In  contrast  to  sodium,  potassium,  when  reacting  with  oxygen  In  the  air, 
forms  peroxides,  which  react  explosively  with  certain  organic  substaneese 

Sodium  and  sodium-potassium  spontaneously  ignite  in  sir  at  a  tes^rature  of 
about  120^*  The  eaebuntion  teaiperature  depends  on  the  magnitude  of  the  relative 
surface  of  the  motal  (degree  of  pulverization)  and  the  hi^dityof  the  air*  During 
ecobuslioa  the  temperature  of  the  hot  smss  rises  rapidly  to  800-900%*  Sodium 
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turn  in  un  ftMoaphcn-  coctbinin^  leas  than  53f  oxygen. 

I.io  cxide  liberate'!  I’jn  the  form  of  iisats),  when  the  sodioin  tur^.  .cats  Into 
the  clrculutcry  poartn/ts  w.a  ceusoa  oeriewa  Irritotlon, but  does  not  eauoe  pensaneDt 

Alkali  liiitdls  ro'jct  vlolunily  wath  water  nnd  generate  a  sufficient  csouat  of 
r.cat  to  burn  tho  hi'drrg^n  forsdng  in  the  air.  If  the  reaction  occurs  in  a  closed 
coct-jir.'- r ,  the  iibernticc  of  hydrog<;n  cousoa  a  ahfirp  increase  in  the  pressure  in 
the  contAinai. 


I'iOlten  r.lkall  .set.ila  frallir^  on  hun'in  akin  ar*i  dargcrousi  sinta  the  themal 
anti  rh.-icf  l  action  r  f  t''i-  metal  can  cause  burru.  Such  burns  take  a  csicb  longar 
time  to  h^.al  then  of diaary  burns. 

Many  cases  ore  kcawn  whore  violent  explosions  occurred  •.hen  peroxides  of 
alJcali  motels  wore  mlx<.d  with  hydrocarbons.  Scdiuin  can  oxidize  to  a  x>eroxlde  in 
air,  only  at  tomp'oratures  above  250^,  while  potassium  yields  a  peroiida  ct  roca 
tatapvTcture.  Doth  potassi’am  peroxide  cod  sedium  peroxide  are  reduced  to  an  ozida 
after  prol-jacjcd  contact  with  c  liquid  aetel.  Therefore,  in  a  lit^uid  swtal  shielded 
with  a  tuahioc  oi'  inert  t-i-,  the  fermetion  of  pero-vlduu  iupOMuible.  Htvever,  In 
every  case  where  hydrccarlons  are  used  in  stdiun- potassium  cl'-cults  (for  vasblng* 
etc.)  speclel  precautions  must  be  taken. 

Sfjfetv  lisosiiros  Observed  duriaac  Opcretlon  of  t**-^  The  system  should 

be  constructed  in  such  a  way  that  the  liquid  metal  can  be  drained  out  rapidly* 

Thu  drciscgo  pipes  must  always  be  kept  at  a  temperature  exceeding  the  teaparaturo 
of  the  coldest  section  of  the  circuit,  in  order  to  ovoid  precipitation  of  relatively 
irsolubie  impurities  in  the  drelnsge  pipes.  It  is  important  to  ensure  good  Ta&ti> 
lation  of  the  Inert-gea  system  by  linking  all  the  goa  eovltiaa  together* 

Even  when  measures  are  taken  to  ensure  rapid  drainage,  part  of  the  metal  still 


manages  to  look  out,  and  measures  must  be  taken  to  deoonteminata  It.  Xmaklng 
sodium  and  aodlum-potas'iiun  alloy  usually  eoteb  firs  l^UMdlatsly,  but  I'um 


relatlTely  quietly.  ParBonnel  equipped  with  gas  aaska  nny  apprcpoch  ths  «lra*  if 
there  la  ro  don^or  of  t\  reaction  with  water  causing  the  hot  loetnl  to  spatter*  la 
order  to  prevoct  hot  sodium  ■  Ne-K  alloy  from  falling  on  the  euocreta  floor*  awtal 
pans  DTJst  to  used,  slnco  the  heat  generated  durH.ng  burning  causes  the  concrete  to 
crack* 

M-jihoil  j  of  Protectln.T  Tpracnnel  From  Alkall-aetal  Flraa.  When  the  press*ire  in 
the  system  la  low,  the  protection  afforded  by  the  heat  insulation  of  ti.*  equlpii£tnt 
la  fully  adeguote*  Under  high  pressures  special  protection  is  nccc.isory*  FrequantilT' 
the  do:igorous  area  la  partitioned  off  with  metal  shaets*  and  metal  pans  are  placed 
on  th:;  floor*  7.c  order  to  reduce  spattering  of  the  metal*  when  a  leak  occurs*  the 
pressure  in  the  system  must  be  reduced  rapidly* 

Ventilation  of  the  p'.'einieea  la  i>  good  way  to  protect  personnel  fres  the  action 
of  sodium  oxide  or  potasaium  oxide  during  a  fire* 

Personnel  directly  semriclng  llquld^metal  power  plants  wear  i>rotcctlTe  clothing 
different  from  those  required  for  flre«fighti&g* 

Zn  order  to  select  materials  for  protecting  personnel  working  with  snltan* 

2lk“ll  eneclal  tests  were  conducted*  The  results  of  these  tests  am  ahown  is 

Table  5^>  ^  ^  seen  from  the  table*  at  the  same  temperature.  e*g.*  at  35(3^* 

the  action  of  the  Ka-E  alloy  is  sometimes  mom  aggmssira  than  the  action  et  aodiun* 
This  is  due  to  the  fact  that  sodium  hnrdens  after  contact  with  the  protactlTa  aate> 
rial,  while  the  alloy  remains  liquid* 

For  protecting  the  eyes*  glasses  fitting  tightly  against  the  face  am  used* 
Sbialds  made  of  noninflamnable  material  am  used  in  addition  to  these  glaasas*  hut 
not  MB  a  substitute  for  tbom*  For  protecting  the  head*  a  fait  hat  with  wide  hrian 
la  fully  adequate,  and  for  protecting  hands  and  feat*  leather  mlttana  and  boots  are 
used*  Persona  working  with  alkali  ostals  must  ba  dmasad  in  loosa»flttlng  OTemlls* 
or  If  possible*  In  suits  made  of  fira-mslstant  aatarlal*  Spaeial  protection  of  the 
raspiratcry  passages  la  not  required  for  this  aatagory  of  parsonnale 
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£’'.Qte;tlve  Clothing  f ;  r  Fire-'  Sim®  the  iiersoaael  who  w®  to  extin- 

g'Jish  oc-d’',ua  c.  ^lum-potf.aai'jm  fires  !?;e  eijuipped  with  respirator®  (gas  aaska)* 
ijpocinl  protection  for  the  eyes  is  not  necessary.  For  protoetlon  of  the  head,  a 
wide  hool  Dade  of  asbestos  is  used  in  addition  to  a  felt  hat.  To  protect  the  fast, 
sp'-c^sl  boots  made  oi'  leothc"  or  asbestos  are  used,  niasa  boots  ars  worn  orsr  tho 
regulaj'  ver'aint^  b<x.>ts.  The  hands  are  protected  in  a  similar  fashion.  To  protsot 
the  holy  frcii  spattering  isetal  and  fire,  sshesccs  suits  ars  used.  In  certain  eases 
pcrtaLle  mutul  bhislds  may  be  used.  To  protect  the  respiratory  organs  from  the 
action  of  sodiu;a  oxide  foxes,  fi^'.tcr-type  respirators  are  used.  Respirators  o*  the 
self-purif>-ic,3  type,  good  for  enj-  concentration  of  saeke,  are  to  bs  prsfsrrsd.  All 
types  of  respirators  (gas  nssks)  must  fully  corsr  the  fsss* 

Tablv 

Protectire  ability  of  certain  a^terlsls  with  rssfoet 
to  the  action  of  liquid  Ks  and  Ka^K  alloy, 
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Fir.«*  i»<i~iB7  U;  Flrca.  Burned  portions  of  the  skin  any  he  weshed 

with  V9tsr>  At  the  sane  tine  the  alkali  which  forms  nay  be  neutralized  with  a  weak 
soluticr  of  acetic  acid  (from  3  to5!f)»  acid  solution  nust  not  he  used  to  wash 
the  ejea.  In  ths  caso  of  burns  of  the  eyes,  the  burnt  portion  must  first  be  washed 
i-ji  lw-i5  ®1b  with  a  spray  ')f  pure  water  under  low  pressure  and  then  washed  with  a 
weak  solution  of  boric  acid* 

1'-  is  es-'c' lolly  doKgerouj  when  spatterlntj  sodiua  or  sodium-potasaiua  alloy 
falls  va  .jluthiu.-;  tr  -i  the  aXln  et  the  sane  tins  s.  kerosene,  Zn  jueh  a  eaae  tbs 
best  tf.ehnh^ue  is  to  wuah  the  u^ned  pcrticn  with  a  apray  of  water* 

Sorii  people  are  rf  the  oeinion  that  It  is  better  to  wash  the  skin  with  mineral 
wil  tini  at  the  a  cie  tit»  rescre  the  particles  of  metal  with  tweeters,  Thia  method 
of  wosuici  i*  'infinitely  sjf,r  than  the  firyt  (!.».,  wfeshli^  with  water  and  acid)* 
.Hjweeor*  it  dc^u  sot  scutreitze  ts»  alkali*  which  qas  panetratsd  deep  into  the  skin* 
y)rt.«r<  M,. ...  v-  order  to  eztirtpjilsh  a  sodium  or  sodium* potassium  slloy  flr*» 
it  la  (ieccsiar>  to  cut  off  tba  access  of  sxtgot  to  tbo  flra*  Vatar*  eer'ooa  tatr*> 
cblcrtde*  esrben  ■ilruidt,  and  sodium  llcor'.onate  (bleexbonata  of  aoda)  muat  not  ha 
u.'ed  tw  .•itln«5uj»‘«  »re  fire.  The  rxygvs  aa/  be  cut  off  by  corarlng  the  huraln< 
sodium  or  alloy  wits  dry  alkali*aotal  eblcrtdea*  penhita*  powdarad  anhydroua 
aoda  (KajCOj),  or  aand.  la  •«  dotn«  tha  datyfer  that  the  aodlvmi  mitht  burat  Into 
riaaa  and  atart  th»  fire  (ola^  Cicalo  is  act  fully  allmlnatad* 

An  arrtciive  imttod  of  fira-fiAhtlng  is  to  raduea  the  c  oeaDtrotlom  of  oiqrcam 
in  the  daacartMB  suole*  bpertaaats  abrved  that  ta  an  atacaphara  aontainiac  2*7SI 
oiycan*0*6l4out  oftodlua  b<irit*  nf  a  total  nf  2?  kf  (initial  temparatura  of  tha  natal 
iO>C®C},  vhereaa  whan  tha  osygan  eoatamt  ia  It,  k*  of  Ka  buras  out  of  a  total  of 
17  kg  (at  tha  aama  taaiparatura)* 

Za  erdar  to  aittH»tah  alkali  aatcl  firaa,  aartUn  lahoratoriaa  Im  tha  OSA  maa 
HeVlwiA  powdar*  whlah  la  apeatally  traatad  aodlua  chlorida*  highly  frtahle  ami  ltt> 
aanaltiwa  to  ehaagea  to  Ua  ^dlly  of  tha  atr.  rirwactinguiahara  flll*d  alth 
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this  pcvder  ar«  aruilpLle  In  9,  15,  70*  or  155  sires.  Met-L-X  pcwder*  when 


hc'-lcu,  hi.a  tu«  Tbjuacxt  property  of  foradng  o  solid  crust  on  the  surfeeo  ot  the 
burning  sodlua  which  isolates  the  siolten  metal  from  the  oxygen  is  the  elr*  Ihe 
fon.£.tion  of  the  cruet  Is  fecllitated  if  the  metel  burns  sn  a  antooth*  norlsonttl  ^ 

6^X1  eC4« 

Brvxd  0-1  P>'i'enu  powder,  which  corpsists  mainly  of  graphite,  is  also  used  to 
extinguish  all.all-metal  fires* 

In  erery  eese  metal  pans  should  be  pl<iced  in  tbs  iegi<’n  of  the  fire  to  eatoh 
drippings  of  the  burning  metal.  The  pan  Uiy  be  covered  on  the  top  with  a  perforated 
iron  sheet,  through  the  openings  cf  which  the  oetel  flows  into  the  pen*  At  the 
sfjse  time  ccioss  of  oxygen  to  the  surface  of  the  oetel  is  Halted,  The  perforated 
sheet  tsy  in  addition  be  covered  with  a  layer  of  Met-L-X  i>owder, 

lithiua  fires  are  best  extinguished  with  0>1  powder,  Steuidord  flre>eztiz>* 
guiehers,  oten  those  of  the  c»rlon-dioxld«  tjpe,  are  ineffective,  and  their  use  siejr 
be  dangcrcus.  since  Li  reacts  with  carbon  dlcxlde* 

Feacvsl  of  alkali  octal  residue  after  extinguishing  the  fire  is  as  danesrous 
os  extinguishing  the  lire  itself.  The  residue  of  the  metal  oust  be  corefulljr  oized 
with  dry  ice  and  then  burned. 

Durlag  a  fire  it  is  necessary  to  ensure  osxIoub  ventiletlon  of  the  prsBdssa. 
since  the  oxide  fuacs  being  given  off  froo  the  fire  not  only  baapar  breathing,  but 
alsc  sharply  reduce  visitlUtye 

Ssaoifle  teeident.3r»ventiQB  Requlre;3ents  Vhtn  Working  with  FldU  . UTI 
As  a  result  of  taa  oepture  ty  aodiou  of  neutroas  la  the  active  soas  of  ths  reaetor. 
ths  rsdlAectlve  isotupe  Nt^'l  is  fomed.  Caloolatloas  show  that  the  activity  level 
o;*  t<a24  la  a  power  reactor  with  a  capacity  of  about  50.OOO  kw  raagea  froa  10^  to 
10?  curias.  is  a  powerful  emitter  of  ^  aad  y  particles,  which  have  a  oaxlMia 

sBsrcy  of  *~1.4  Msv  sad  2.7(  Ksv,  rwspeotlvwly.  Its  half>llfe  it  14*6  hour*. 

if  It 
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Alaost  all  tbo  eaterlnt;  the  bunnn  orgatilaai  tbrough  the  allneatery  tract 
or  through  the  recplratory  passages  ie  mpldly  aiid  uniformly  distributed  throughout 
it  by  the  cirjuletlcn  of  the  hlcod*  Accordir.g  to  the  ataudorde  of  the  U3A  the  snz- 
ImuB  total  nuaDtlty  of  Isotope  Ka^^t  permissible  in  the  organism  ie  15  micrccuries* 
The  coEperatl ve’y  large  dose  permitted  is  explained  hy  the  feet  that  the  rate  of 
biological  ellBilnatien  of  la  fairly  high* 

Ohriously  the  most  serious  danger  to  heelth  uiiy  arise  during  a  leak  of  radlo- 
eeti%e  sodium  in  any  system  with  subeeoyent  eomhimtic'n  of  the  sodium* 

The  maxlmim  perirlesible  concentriitltn  of  Ka*-^  isotope  in  elr  according  to  the 
btundards  of  the  L’SA  la  2*10”^  aicrocurles/Bl* 

Proteftife  clothing  for  vorklrg  vith  radioactive  alkali  metals  must  ssttsfy 
6X1  tiie  requUemects  relating  to  work  with  noioradloectiva  metals  plxxi  the  re<iulre> 
■^cte  relating  to  work  vith  radioactive  lscto;>e8*  The  pr-mises  ubere  the  sodium 
circuit  is  instei:.ed  rust  be  equipped  vith  devices  ir.dleatitg  the  eetivity  levt*  in 
ths  area  and  inuet  also  be  equipped  vith  approprlete  signaling  devleea* 

When  radiooetive  aodiua  fells  on  clothing*  the  latter  must  immedistely  be  re> 
moved  fren  the  victlKi  end  the  burned  portions  of  the  skin  must  he  vssbed  with  a 
strong  spxay  .of  water* 

fires  caused  by  lerkege  of  redioective  sodium  sMst*  ea  a  rule*  be  extinguished 
by  remote  control  by  preventing  elr  from  entering  the  area  where  tba  flra  la 
taking  place*  while  at  the  same  time  feeding  inert  gea  into  this  araa*  In  tha 
latter  case  it  la  cnecesary  to  diaeharge  the  centanihated  gaaeoua  ecohustloa  pro* 
ducts  into  the  atmosphert  or  into  a  special  area  set  aaldt  for  this  purpoae*  Soo^ 
tloea  tba  fire  aay  be  extinguished  vith  Mat>LpZ  pcMder  fed  to  ;hc  fire  by  a  systam 
of  special  plpea* 

If  It  la  knows  that  the  sodium  does  not  oontals  lon^ lived  radloaetlve-laotopa 
Impurltlea*  the  residue  of  aodlvoi  may  be  destroyed  by  ordinary  means  aftar  balng 
kept  for  two  or  thrsa  vvaka* 
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>i?.rcurY.  The  toxlelty  of  mercury  is  Tery  Therefore,  apeelnl  moMurea 


must  he  taken  to  ecsure  the  safety  of  personnel  eervicing  mercury  pcver  plants, 
Acccrding  to  the  stsnd&rda  of  the  USA,  the  mazl::)um  coccentretion  of  mercury  p«r> 
mlssiMe  tn  the  air  la  0.1  mg  per  cubic  meter  of  eir^.  According  to  Hill's  data, 
at  30^  the  saturated  mercury  vapor  pressure  la  0,00162  am  Hg,  Hence  It  may  be 
assiuDed  that  x:nder  Dons°.l  conditions  (p  «  7^0  use  t  *  20OC)  a  ccncentretion  of 
199  as/iB^  of  mercury  is  the  atmosphere  corresponds  to  saturation  of  tha  air  with 
mercury  vepori  i,e.,  the  concentration  is  much  higher  than  the  pei'<-lsaihle  limit, 
Vhun  mercdry  spills  on  c  floor,  table,  etc,,  it  evaporatea  more  readily,  Zb 
addition  dust  and  dirt  prevent  individual  drops  of  metal  free  sticking,  and  thia 
also  facilitates  evaporation. 

In  order  tc  deteritloe  the  concentration  of  mercury  vapor  in  the  air,  a  dtvlee 
is  used  vbi-ib  is  based  on  the  absorption  by  mercury  vapor  of  ultraviolet  rays  of 
definite  wave  length  corresponding  to  the  Dnrcur>'  line  in  the  apeetruiu  Tha  IntoB* 
sity  of  ebaorptlcn  ia  meosured  by  a  sensitive  photoeleetrla  call. 

The  presence  of  mercury  vepor  in  the  air  may  be  ahovn  by  the  blackening  of  a 
sheet  of  paper  coated  with  a  layer  of  lelanlua  aulflda  (ZaS), 

When  the  concentration  of  n-  reury  vapor  rises  above  the  pemlssiblo  llialt, 
the  premises  oust  be  carefully  cleansed  of  mercury  by  ualng  aamosia  or  polyaulfldaa 
dlssclvad  la  water, 

Prcaiaaa  where  mercury  la  being  processed  must  be  equipped  with  suffloiently 
pueerful  Teiitilatlua, 

Lead,  lead  la  a  very  dangerous  aubstaaca  for  the  human  orgaalaa,  Zt  la 


^  The  health  standards  of  tha  USSR  pamlt  a  eoneantretloa  of  0,01  ag/^. 
(Editor) 
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»speclali.y  d-^sieerous  to  health  to  iahale  or  svallcw  lead  te  xir  or  flue  lead  duat* 
The  decgor  of  leed  polaotilng  Increaaea  ea  the  3i7e  of  the  particles  of  the  icetal 
decreeaca,  in  vhlch  cese  It  la  more  dargercua  to  icbale  the  particles  than  to 
swallow  them.  Lead  first  eaters  the  hloodstreem  of  the  Tletlm.  Then  part  of  the 
metal,  together  with  its  precipitates,  is  eliminated  from  the  crganlsa.  hut  part 
remains  and  settles  in  the  bones.  If  the  wlctin.  ceaees  to  he  subjected  to  the 
henriful  action  of  lead,  the  quaj;tity  of  the  metal  already  In  his  blood  begins  to 
decrease  gradvslly.  At  the  same  time,  a  new  outhre'^k  of  the  sieloieiis  la  poaalblei 
alcce  the  lead  accuculeted  in  the  bones  ma}-  pass  back  Into  the  bloodstream  again. 

Irexises  where  lead  is  being  prcceesed  saist  be  kept  acrupulcuaiy  clean  and  ba 
equipped  with  powerful  Tentllatlon.  Personnel  working  viih  lead  must  undergo  a 
peri<'xUo  phyeical  ezemlnailcn  (not  less  tbsn  once  in  sis  -semths}* 

Tin  and  Bismuth.  The  toxicity  of  tin  end  biasuth  is  cot  so  great  as  tbs 
toxicity  of  la'.reury  end  leed.  However,  it  in  mendetury  that  preadees  vbare  thaaa 
metels  ere  being  processed  be  ventilated,  ac  as  to  prevent  the  vapors  of  tbs  metal 
from  accumulating  in  tha  air# 
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natalla.:b)« 

133*  Melstbahi  A.  n.  uau  «a«iay.  K*  (4*i  *1*  lott.  Matala**  84*  No.  7* 

p.  251*370.  1955-1953.  Salastion  of  a  Matarial  for  Caaioca  el*  Nucloor 
Raaetora  Coolad  by  S'Odlus  (jf>otaaat«i)  and  Carbon  Uoxido  (Vybor 
natariala  dlya  obolocbak  atomnykb  raalrtoraT*  ukblasbdayamykb  iiatriyom 
|kaliyai^  i  uglakialotoy)* 
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li...  ,5-.i.3s,.  o'-'i  /,!  •Jc'jrnf!!  of  l-'r^yrlcsl  Cfcesslatrj'v 

•  ■  T-rl'n  cf  G^llu=  (P^voryhacotuoy* 


P,::  k  -  a  •<  1  -  t'..  Je  i  ,  iiT.n  ..*.:--'a  •The  JoiTteJ.  of  Physjoal 

C>5..3atry*,  vol ,>  39.  Ko.  i,  Jeauf-ry.  1935i  P.  40*42.  Dotarmlnin^ 
tt«  C..'('.iua.  Vtipc;-  :’rccr-.''«  i0ijr<»0*>;*alyo  opra^^ootl  paroT  r  »tr?ya).. 

;  -tiy  y,  G..;  .  •Cc.vrosioa* ,  12,  Kc.  ?,  p.  4^-52,  195^.  CorrcsJoa 
ox"  Ko'-oio  (Koi rozlonnoya  doyetTlyo  zhidyiKh  sot*’ Iot). 

I'tlr-rlll,  of  toI  ,  t9,  I'Oi,  8,  ysT.  1947.  P* 

9i.7”'}39.  I  '2..t.i.'fer  tr  ;V'lt<n  Mstaln  (Toplootdnchtt  k  resjO erlennyia 

:;.5tiii3  *-a)  • 


.'-Urtla,  W.  cr.u  .'rlth,  G,  C.i  ‘K-j.allurgla* ,  54.  l>c.  323»  P.  227*232, 
1;3^.  Frelinirixir:/  luTocilf^ation  tta  Fatlgu*  of  Ftiikctloni:;^ 

in  li  Liquid  Mot*!  liodlua  (Pi  euvoi'iial ‘‘Tk.ya  i.~e.edu*iu-^ye  uaielosti 
CciteilalcT,  ratcto:Ai9hcbikh  r  »reda  zhtdkogo  o-(itc.lla), 

77,  VI,  !io,  6,  ?,  4SS,  1955*  Korsrtlcally  eaalad 
Purp'  with  Hoctric  ttrlTe  (Cainetlchayya  caFoay  a  alektroprivodoa). 
Kuyer.  W,  and  Fdexitri ,  V«i  ‘Jt'xa'nal  of  Applied  Ph.v0lca»,  rol,  25*  No, 

3,  Xarth,  1934,  Moaaure^ent  cf  Tb^iacl  SeelatiJic.;  oo  the  S'lrfaca  of 
Ssparar  ic*’  of  Scdiom  and  Stoinleaa  Steel  (IzmaraDiya  tanaicbaakogo 
ooprot* vloaiy#  ne  j-oTerkhnoatl  razdela  netrly—  n^rzhavayusbchaya  ataJ*). 
lAicrb,  F!,i  'Lxiduatr;ial  and  Qigloeorlng  Cbeudatry**  ▼ol*  44,  No,  1, 

1952.  Floctrcmagnatic  Flouraeter  (Elaktromaiipiitayy  raaMuodocar) • 
Kurgetroyd,  V.i  *Fhll,  r.eg.*,  Sariaa  7*  ▼cl,  44,  P*  134d»  Dac.,  1953* 
Exporicenta  on  tba  ^l^gDatol^d^odyDaalca  of  Flow  in  Uiota  ((>pyty  po 
ma^itogldrodineralka  tachaoiya  ▼  kanalakb). 
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,  K.  ‘Phye.  Chun..',  ?,  !o,  3-/4,  p.  1954. 

Vepjrlifi,t\ca  foefflcient  of  Liquid  Potaejuum  (Ko iffitsiysst  iepsxeaiya 
Vollya), 

;;orthfleld,  H.  'Eu^;ine(5rirvg»,  13i,  lo.  /i/Pi;,  p.  «r9C*-vv3» 

Oi.  ihe  Effov;xi.Ten«:s8  of  EAgcd-iunut^vtic  Liquid- Mstrd  (Ch 

(ilfclctivnceti  cloktrr-*fi,i;-.aitnykh  cesoeOT  dlja  zhldkikh  Detallov). 
•l.ucleer  lower',  ril.  1,  1^,  3,  J.ily,  195^«  ?»  I?!*  Poroua  dtalnlesa 
C'.c-ol  Filtara  with  Pcroa  frca  1  to  2  Mlcrona  (Porlatyya  f  11 'try  is 
cicrv.havoyuthflhey  ateli  e  raz::eT-cai  por  do  1»2  mikion). 

•  1  orr  T'r.vor',  Tol .  2,  Ko.  16,  Aijg.,  1937.  ?•  33S«  K«*t  luiulation 

or  &  .Scdia-a  Circu.-t  of  ib«  Ko-ctcr  iu  Qounreay  (Tarocizolyatalya 
lifitriyevogo  Vontura  realrtore  t  Oaunrl). 

'Ihicl.  Engtifi.*.  1.  h'o.  6,  p,  236-240,  195^»  Application  of  liquid 
Mutelfi  ae  Ueat-trenafar  Aganta  In  Chaaical  Eoginearlng  (Prl&anenlya 
zi.id'Kikh  cetalloT  r  kachestTa  tcploooaitalay  t  protaaoaakh  khlmlchaakoy 
tekhnologli), 

'L'acloonlce',  I3,  Ilo.  2,  p,  70.  1955.  TastLog  of  Hoat-tranafer  and 
Corroaicn  Proportlaa  of  the  Material  'Clohair'oo'  for  Shells  of  Raat- 
Klaneata  In  a  Faat-oeutron  Sodluo-cooled  Breedar-raactor 
(lapyteniya  taploctmannykh  1  korrozlonnykh  avoyatr  sstarlala  'glovayrOB* 
dlya  obolochak  taploTydelyayuaochikh  elereantOT  v  raaktora-raameabitala 
nn  bystrykh  neytrooakh  a  netriyehym  taplonoaltalna). 

Olaon,  B.  L.i  'nucleonic ,  I3,  Ko.  6,  p.  70-72.  1955«  Dealga  of  aa 
Etperlzantel  So'^luD-Coolfd  Raectcr  (Konatruktaiya  eksparinaatal 'aogo 
raaktor*  a  natrlyaTya  okbla zhdanlyaa), 

Parkins,  f,  S,i  Bap.i  rroc.  Liquid  Mat.  Utillls.  Confer.,  ASm.  No,  VR, 
I3CI.  ;V5i|.  luTaatlgatiou  Into  the  Parfonnanea  of  a  Staaa-gaBa;*ator  oa 
Liquid  Sodiino  (IsaledoTaniya  roboty  paroganarAtora  na  zhidkna  Bhtrll), 


W.i  Syisp.  *rTobl«aiB  in  l^iclear  .Kngln^erlne*,  ml.  1,  e«’«  by 
Ui'^bos,  D*,  McLain.,  ii.,  Vllliamiit  C.,  I''.*;?!  P»  19i»lS9»  Squlpwiat  tor 
>iii  JiiperliEciitel  Sot'.lvia  Reactor  (Cborudo^.saiy#  dlya  ekeparicental 'cogo 
HbirlyaTogo  reaktoi*)* 

PtL  Bford.  a.  v.t  *3.  Sci-  Inatr.  Phya.*,  32,  No.  9.  P.  362-363,  1955, 

4**1)  1.3 i\£a  Level  in  Stainleea  Steal  iMbes  by  tba 
ir.  iuv (Izzorcnlye  nrovny*  thiilkotju  uotrlytt  »  trubaVh  I* 

.■  “i-zLiT-ejaLeachey  stall  indukt a lonnym  metodcea)* 

k.-ed,  S.i  *J.  of  >,c;erlcen  Cartaalc  Society*,  vol.  37,  Jfe.  3*  195A* 
p.  146-133.  Stability  ct  Hebt-zaalstant  Materials  in  Llt^uid  Kstala 
(Stoykoat*  zharoprocbnyVtb  cuiterlalov  t  zMdkikh  netallekh). 

Risk,  f.m  E,i  ‘Med.  few.  Engng*,  49,  liJ*  9,  P*  IO2-IO31  No.  '2,  p. 

3.16*117,  195i«  Riir-ping  S^uipnent  and  Heat  Roooval  in  t.'uclaar  Reactors 
(Nt3oer.oye  oboradovoniye  1  teplos'yom  ▼  yodemykb  raalcto.ralch) • 

Savc.,5e,  H.  ana  Cobb,  V,i  'Cbealcal  Engineering  Prf grass*,  vol.  3®* 

Ns,  9,  Cfpi  i934*  Centrlfvc,ftl  Itquld-aotal  Pasp*  'Working  at  Higb 
Tcisp'^ratui-s  (Tsentrobezbayys  ceeosy  dlya  zbldkikb  nstellov,  rsbotayusbebtys 
prl  '»y«okcy  tan;psrature)  • 

Sffban,  R.  end  Casey,  D.  F,i  'Tk’ans.  of  ASMK*,  vol.  79.  No,  7.  t.,  1937* 

Pi  3.314'*4317.  Heat  '[ran^port  at  Turbulent  xlov  ol  Lssd-bisauth  Alloy 
in  ^Jinular  IXtcte  (Taplootdocbs  pri  turbulentnoo.  teebeuil  aplavs  svlnsts^ 
Titanut  V  kol'taeroK  kenele). 

Seban,  n,t  *Trooa.  ASKS*,  vol,  72,  tfO,  6,  Aug,,  193®*  P*  763*783»  B**t 
transfer  to  Turbulent  Flov  of  Liquid  Floving  Batvaan  Parallal  Vails  vltk 
Asynmatric  4»etritutlon  of  Taopsratures  (Taplootdaobs  k  turbulsniscatt 
potoku  zhldkosti,  taVuabebey  mazhdu  parallel 'nysd  stanksBl  s  aainestrlebnyB 
rasprsdsleniyaa  tsoparsturs). 


\l)S,  Sebasi  R.  and  Shisiaaaki.  T.t  *Tracii.  of  tha  toI*  73(  193^*  P« 

803»St'7*  Haal  Tranafar  to  Turbnlaali  Flow  of  Liquid  Flcvlr^  la  a  Tuba 
at  Constant  Temparetui-a  of  tha  Mall  (Teplootdacha  k  turbulaataowi 
pctoku  zlllkcstlt  talrushchar  v  trubka  prl  posioyaDDo/  teoparatuia 
•tankl). 

149>  Sarra.  T,i  'Ttrsotaanlta'.  9*  P*  4ii7>431*  ^953*  Liquid  Haat- 

traasfai-  V  oQl*  (^idklya  teplohccltall)* 

ISO.  oharcUff,  T.  l.i  •?«>€.  Rcy.  Soc.»,  Sar.  H..  233,  Xll,  p.  1194.  1935. 
Coin.  Vt^-lcaarina  ippUcatlcaa  of  Msii^ustlc  Hydrodyautlea  (Nakotoryyo 
lo:brLa.-nyya  prllcxhrnlya  aagnltaoy  gidrodlatsdkl). 
isi.  Sittlf.  M«i  i^iiaas  Ita  'ainufactura.  prcpartlaa  &£d  usa*.  Pa*Pha\d* 

193^<  Ssllxn:.  Its  Produetloa.  rrcpartlai,  acd  Applleatloa  iNatrlTa 
ya^o  prclxTcdstao.  aaoyataa  1  lapol'Maaatya). 

13m.  Slalchar.  C.  aad  Trltua.  K.t  'Tract,  cf  tta  ASIta*.  aoi.  79.  1937. 

p.  Hast  Tr<  asfar  durtnj  TSirbulaat  flou  cf  liquid  la  Tube# 

attfc  Arbitrary  tdatrlbutlob  of  ball  Taeparaturaa  (Tapleotdccbc  prl 
turbulaotces  tatnaalt  ybldbaati  a  tniba  c  prpU.el*&yB  raapradalaaljrM 
taeparatury  ■tcakl)a 

133.  5paada  f.i  'iiucltar  FCuar*.  acl.  2.  No.  13,  J<ily.  1937.  P.  S??*894a 

VS*  Starr.  C.i  'naatr.  Mcrld*.  U.  3.  So.  13.  p.  tu.  193^.  Ullllaabloa 

of  a  S«llia»*t9^arblta  Paactor  for  Qaatrla  Aauar  CoooroilOd 
(lopol'oaaaaiyo  natrif.crafltoao«o  roaktora  dlyo  >r^ta«r«atva  alaktro* 
OMItlDa 

133.  Starr.  C.«  •o^var*,  90,  Ha.  7,  p.  lay,  1033,  Baairic  Hm%r  noM 
with  a  •adlvo.ta.Qr^blta  Aaaator  (IQalrtroataatolsa  •  •airlyaao.araritovjRO 
raofct«roa)a 
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13t>.  iittixT,  'J.x  Symp.  •ProjiT.  Nucl.  a^-rgy*.  'i«r.  7, 

!'•  j99-V5**«  '.-r«phlte-racd*ratdd  Sod lim'- cooled  Feectori  Ite  Lejcrlptlont 
rherncterlailcdt  wd  Apollre:loc.  Proepecte  (Reektor  e  ^afltoTya 
zuAsdllteleo,  okklazhdey«i.jr7  catriyeTyA  teploboslt«l«a,  yego  opisaMyet 
knar^erlstlkl  i  persroktiTy  prltienodlya)* 

137^  Strechaii.  J.  K.  tmd  Harris,  H.  J.i  'J.  lust.  Melalf.*,  '},  Ro,  1,  p* 

17-Pii,  t4<4u:  1-B.ercury  Corroaloa  of  Metals  Vhleh  are  not  Subjeotsd 

*0  Meclitr.lcal  Streje  (Rni’yelaolye  shldkoy  rtut'yu  netalloT,  se  podeer* 
fayoth':  iilkhay*  rekhaniekerVi*  aepryatheolyMO , 

15^«  'i^rc jirec.jtTl* ,  l-l^uld  Metalai  Heat* 

trarjfvir  l^on*.a  cf  \.i«  Future  (l>ldki>e  tatally—  teploaoalcell 
v.t<.i‘»M«»vahacol« 

139«  .ajlrr,  M.i  »riieifeli',  C,  No.  J.  p,  102»105»  1955*  I».<>rtaBfa 
of  Liquid  Katala  to  Doslgaleg  RNiclcar  Raaetora  (SDacheolya  shldktkli 
itatBlls*  dlyt  rauatotkt  kcootruVtaxy  yadaroykki  reaktoree)* 

JisO,  Taylor,  J.i  •ruu,  eoi,  (.f,  p,  **?,  X9‘5,  Surfaco  bergy  *f 

AlVali  Katels  (roaerkUroettaya  eeargiya  thebaloehaykh  Mtallev), 

I6l>  Taylor,  I,  V,i  Kjct.  Utergy*,  2*  bo*  1*  p*  1>^*  19^*  Cm  toe 

Slpnlflcacte  of  Ltst\tt<t>eeta\  as* t tag  fteaoaeaa  fcr  Ptecesaea  to  MuaXear 
Peoitera  'Cuarbeatl  yaa'taXy  axacklaablya  al,*dkk»i  ,etaXXaaai  Alya 
pi\.t«iaa,.<  f  yedaraykk  reektorakk)* 

142*  Ttdha'.X,  R*<  ^eprtats  of  papers  for  beat  troaafar  ayapeaXoB  at 
fertyfoxirta  ecsuaX  «eetiBg»  tbe  •aarlaea  Xoatltato  of  Cbaateal 
bgineert,  ?»o«  3,  t93X*  p*  99*X?3.  NrferBaaee  at  auXX  Labaratovy* 
type  Lttald'BstoX  Meat  bcbaaaera  (Rabata  aabaX'abtkb  ibidkaaataXXtabaaklVM 
tepXaobaeaaikoe  Xaberatonafa  tipa)* 
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©^h€*ii ,  Lit  Ceaeriikl  r??  *!'7*'*i?*^*Ts  lest*  Hsch*  £s^s 

acd  -i£:>i£,  1^3’i.,  p.  k^(>~k3^»  Hoet  Tranffor  to  Liquid  K»tala  lAarLng  Tlov 
in  Jj-ur.d  Tutos:  and  Axiualtr  Duc'r  (TaplootdacKa  V  zbidVim  m^tan»m  pr^i 
tacbenil  r  ki  j^lykb  tr'jbakh  i  kul’taaTVh  kcnalakli)* 

TTC'Ckl,  T.,  :irufji'3iurxi,  v.,  eod  Cr««sr»  F.«  Sj.-up.  -Trcgr,  .Snargy*. 

Jer.  41,  'Yechn.  a-  uigny-*,  195^»  I»  P»  Problama  on  Outfitting 

PniiCtora  nr.ploylng  Sodium  or  a  bodium-potnaalva  Alloy  aa  Heat  Tfanafar 
Agenta  (Idroblcaiy  oborudoYoaiya  reektoroT  a  satrlyeat  111  aplaYcs  netrly- 
k.'.liy  T  ktcheslTa  tsplonoaitelya) • 

Trocki,  T.  end  Nelficn,  D»i  *Kechanical  Qjglneering* i  Tol*  75» 

p*  uyi-Ulfi*  Outfitting  &  IUmUc  trial  Liqiild-satal  Cxreult 

(CbarudOTaaiye  polupromyablennogo  zbldkometailllcbaatoeo  lcODttu*a)« 

Vatt,  0«s  •rnglneortng**  to1»  181,  No*  17C3»  April  27f  195"*  Liquid- 
fiatcl  I3.a<  tromogaatlc  Puapa  (for  IfcTirg  CooliiSta  and  Nuclear  Seactor 
?u«i)  (Elektroaagnitajrye  ncaoay  dlya  ^hldklkb  matallov  parekachlTaniya 
teplonoaltelay  1  topllY*.  yadernykb  raaktorov  )• 

Webber.  H.,  Goldetein,  D.,  and  ralllrger.  rl.i  *Trana.  A.£XX*»  XX.  77* 
lk>,  2.  p.  97''102.  1935»  Datarslnation  of  tba  Heat  ConduaiiYity  of 
yolten  Lithium  (Oprcdelaniya  tcploprotodnaail  raaplaTlannsgu  litljra)* 
Weeka,  7.  I'.i  Syrep.  *Progr»  Nuel.  Energy*.  Sar.  U»  N®*  1.  P»  378"1|D8* 

193^*  Metallurglc  Research  of  Liquid  Biesmth  and  Its  Alloy*  a*  a  Haat- 
trenafer  Agent  and  .Lq  Compoaite  Part  of  Llquld-metal  Pual  in  NueXaar 
Reactors  (Motallurglcbeskoye  iaaledoTaoly*  zMdkogo  Tlaauta  i  yago 
splaroT  T  kechcetTe  teplcnsaitelya  1  sostaTnoy  chaati  abldkomatallichaakogo 
topliva  yadamykh  raaktoroT). 

•Wastingho'iao  Bag.*.  l6.  VIII,  No.  4.  127*  1?5^*  New  Machanical  Liquid- 
natal  Pump  (NoTyy  loakhanlchaaiciy  naaoa  dlya  xhldkikh  natallow)# 


Wocdj-ow.  J.i  No*  T/yt,  4^S2*  n«ctroiE«£s*t)e  and 

Irduetiott  Pu".,-*  for  Nucloar  Raactora  (£l«k'troaa^ltny]r«  1 
InJuklf^ictioy^*  tiaooa/  dlya  reaktoror)* 
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171:  «  Vooltn,  W.i  'Nuclaar  Fcwar**  toI.  2*  No*  l.S>  '^uly*  1937*  P* 
267-?74'.  Kl»ttrou«-»*tl«  I\o4>t  (SlaktroBa^^ltByjra  naaoap)* 


PAKT  THISSa 


SCVTST  5TUI1IKS  0?  UCUID-MSriL  H£A.T  TIUieFSR  MEDIA 

la  this  scctios  a  fev  reaulta  of  ooviat  studlas  of  lii^uld-t&etal  heat  transfer 
u^edia  are  ecr.t>id<^red  in  condanabd  for®* 

Vo  shall  eocalfior  thf.  rsaults  of  studios  of  heat  transfer  and  hydra'^liea  of 
liquid  Eja  '.alSf  of  determi  as  tiers  of  their  theruo physical  ecsstantSt  the  seleetioa 
of  ftractui"!  catorisls  for  llquidrratal  oystems,  obtaining  the  nece86ax7  purity 
cf  certain  irctals,  the  soslgning  and  construction  of  piunps,  x'iiting8«  and  measoring 
inatrun^cts  for  liquid  suitale. 

Mercury  vas  the  first  of  the  liquid  Cretal  beat-transfer  B>edia  to  undergo 
fairly  thorough  therso physical  studies  (as  early  as  the  porevar  years}*  These 
studies  were  organizsd  at  ths  Central  Boiler  and  Turbine  Institute  In  1935*193^ 
in  a  epoeislly  created  laboratory*  The  lanln  intention  vas  to  study  hsat  trannfsr 
during  the  flow  of  boiling  and  nonboillng  180700:7  through  tub«a«  and  to  etuiiy  the 
process  of  ccedensation  of  mercury  Taper  and  the  hydrodynamloe  of  nsreury  flov* 

These  studies  were  initiated  as  a  result  of  a  need  to  obtain  reliable  t'ae'^ 
cretical  data,  since  mercury  differs  greatly  from  water  and  other  prsTiously 
studied  liqulda  with  respect  to  tuermophysicttl  properties*  Among  the  spseifle 
properties  of  msreuty  aret  groat  thermal  conduetiTity,  low  heat  capacity  and 
riscoBlty  of  the  liquid  and  Tapor  pbasaa*  great  surface  tenslom,  ^ieh  makes  pipe 
surfaces  nonvsvtabls  by  uereury*  Tbs  properties  of  other  liquid  metals  alao 
differ  greatly  frm  thosa  of  vatar* 


MCL.554 


■!i9s  'jat  'fr'.?'  *rir  ’iydr.rt'lle  Ra^:»ia''vf:r  je  diiriiiF.  Flow  of  Llould  K-***"!!*  la  ?1iob« 
traiaifv'r  boiling.  The  firs,  stwiici:  cf  beat  treatfer  durloK 

ta=!  floy  of  Djjrciirj  In  a  tuta  were  ccnrlod  out  In  I936-I938  ,  St  jdies  ver» 

L-.  ide  bovh  cf  installutioca  with  alectricalljr  eenerated  radiant  heating  where  th 
:>->ctii;n  boln^;  heated  waa  0»97  —  1«5  ®  high  with  a  diaiaeter  of  I6  cn*  ee  well  n» 
icr  I'^e.'cury  flow  tbroaiji  an  annular  ctannel  with  an  equiralent  diameter  of  12}, 6 


•  ird  j,0.a  ^-d.  The  haat  flux  'furiid  frcs  1^,000  to  120,000  ‘:cal/a»'‘  hr,  the  teap« 
or  the  riorcury  frc?n  36O  to  li^O^C,  and  the  Isoyaolda  number  fro®  50*000 
to  220,00vj, 


Ccn;.iriaon  of  the  exparlmantcl  data  cbtainod  at  the  Central  Seientifle 

r.oi,ciirch  Inatiiu^a  fui'  Boilero  oiid  Turbinas  with  calculations  aeecrding  to 

«d:;rtrlc3l  forraloa  of  the  Kraiissol'di  Cox,  and  other  types  (Nu  =  JLKe*Iir*^  and 

hcccrding  to  the  theoretical  ryandtl-KLarean  fcumulas  snoued  that  the  experimental  point* 

lie  ei£;rilficantly  obcre  thos«i  calculated  according  to  Prandtl-tCarman  and  signlfl* 

curtly  fcolcw  thooe  calculated  according  to  Krauasol’d* 

Id  plotting  fuDCtiOES  of  the  type  thi  —  •(Be,  Ft)  certain  allcrwance*  were 

permitted,  in  particular  tnene  caused  by  the  absence  cf  reliable  date  concerning 

o 

the  heat  capacity  of  liquid  cr.Tcury  at  tampsraturee  higher  than  100*150  C* 
Analysis  cf  the  exporliaeDtal  data  was  also  hindered  by  the  inatability  of  the 
best  transfer  coefflciecta  being  meaaured  during  ezporimsnts  with  tuben  made  of 
carbon  aloal  and  alloy  steel.  Carbon  steel  tubes  bad  greet  relative  rcughneas^ 
and  Gtlda  filisa  formed  and  were  destroyed  more  quielcTy  on  them.  In  eaapering 
the  experlfflsntal  data  with  tho.'-e  calculated  according  to  the  empii'leel  forsolee 
!<u  Iv)*  it  was  auuiuuod  tb&t  these  fotiTulai  wore  obtained  Ir  experiseata 

with  liqiildc  where  rr  “S,203  to  0,009* 

In  1V39*19U0  in  the  eame  .laboratory  of  the  Central  Seientifle  Reaeerek 
Institute  for  Boilers  end  Turbines  more  detailed  studies  of  heat  traaefer  were 
muds  in  the  ayt  of  nonboJllng  mereury  .  Ihe  ez,eriaeate  were  perforaed  on 
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.  V  .io  to  .7  ^  -.1^ 

V  ^  i-  ;?  r- *-  1^.,00V  £ir, 

■--i  trcn  aGO»030 

•  V  -  i  J  -i.L  V 2'.  i  fji  To  r  •_  0  I  *  -  i  *t  f-’  !  <  ‘  -  "-i  »  •€  O  *1^0 T  m 

:  •  ,  ,  •  ..  .  .;-!y  u  of  utlHi’-.'no  ou.’.y  tufc<!t  na-Se  c?  alloy 

;  .  ..  ■  .  ■  :  t:..^  -•■.la-a-r'-ralt  re  !  velc:lty)w£s  vlisr  la 

,  .:i..  ...  ;  vl  ..  j ...  rlbt,d.  Taa  rooalts  of  ibe 

1  ti  !  „  .  r  aad  In  tLia  fcra  ora  recoa- 

Vl  :1  .a.  i..ol  :  ;;oiio» 

r  ...  L  ;1  .j..a  t:.:  C-  -tr.ii  -ciouciric  j..*  x\*  for 

;  . .  ;■  ,\i;.,_  t.' 1  i~..x  :  T.zlu-.i- -.s  waro  raaitaat 

,t  .  .'  .-  ’.  -ir,.;  lao  flo-'  of  i.-rct.jry  tarouj^h  a  pli'i  ba  calau- 

.  ,.  i  ;  _,  ;  _.  :..,  .,-i  It ',•(’!  .-.r  o:  plrlcal  fc.jaiula'j,  F-ir  tb:  •,  ol;ulc‘.lo->’  tto 

cbi  .:;•  .i»  —(."«>  or  lla  "»  ^  (Ra)  aay  be  uuod* 

:.  ia;*.  1  .'a  ia  tbo  T-lue  of  tao  baut  tru:-..'-:far  caafflaleat  as  « 

.•  t.-.  fc:  'o  .xi-^o  fils  ca  thv  a  <i;-oic;.-.aos  r-xrfjce.  eapeilslly 

1 ;  .:.  o  cf  c  •.‘.r-‘3,  cuot  b-j  t‘j.<eD  lets  osesuat* 

Vr.';;r  t.^o  c :r. ’.1  *. i t:.-  c.f  th-.*  oip.jrli-  'ata  t.b3  r.-i-jilorablp  loxvoor.  ibe  boat 
Lr^ajf'jr  c'>3ffl?ioLt  aai  tbo  bojt  Itvjd  wae  not  ascortaiiied, 

^'-*3  cxT'-'i'x-.o.-.tn  ogr./  .1-  rpol.  ATX-'V  )r';'a  ‘^n  adiiticaal  coMe*  of 
t*i.>:-ri-gat3  bi;jjd  on  j^t  triisafer  in  acabillia<?  la.rova'y  wae  parforswdf  'Hiesa 
ojii-jr  o.i  Oiia  d-.  jlt  la  ^grtlculrtr  with  too  EOTc;aoat  of  a^ji  cury  tbrou£b  a  apiral 
oipo  ^irid"r  foiCwd  circul.itioe*  It  vos  aotsd  tbst  artificial  agitation  o*  tba 
r. 'roiiry  fiev  (by  BjasH  of  a  eplral  tin.lectory)  ECJse.-'.at  IccreaaaJ  the  effeoleacy 
soil  tr-.n.Jfnr,  It  is  pcsslbls  tb-.t  thle  offort  Is  a  rav.'.t  cf  tb»  dostrort’- 
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Fig.  21'^,  iieat  tracafer  In  liquid  moreurjr. 

(a)  averag'*  ot  srparlment 

Taa  flr.Ht  eaipirical  fc.niula  for  calculating  haat  transfer  wnen  a  liquid  aetal 
la  ri.v^ing  In  a  neated  tuba  was  proposed,  by  i.  A.>  Kanayer  in  195^  after  processing 
of  tbe  pra-and  postwar  oxpjrl&intB  with  acrcury  • 

-  • 

In  (linens -onlsaa  qumtities  this  fomula  Lad  the  forsi  Ku  '*/CR*)  I^)* 

Sinre  the  texparat’iro  of  ILe  mercury  waa  closo  to  ijOu®C  la  a  iVijority  of  eases* 
it  vsa  not  pc.enlble  to  separate  the  effects  of  Re  and  Pr  on  the  value  of  Ku* 

Daring  the  processing  of  the  expirimontal  data  Pr  was  taken  to  be  constant* 

The  empirical  formula  bad  the  fonai 

Nu  .  ,  /»«*»  JJ02) 

Ao  cos  be  seen  fvuu  Fig*  212*  the  results  of  calculations  acsording  to 
formula  (102)  are  close  to  the  res’ilts  of  the  caloulaticns  seccrding  to  V*  A.* 

Shvabs  theorstlcal  formula  fsS  •  However*  when  Rs  ■■  2*10^  to  4.* 10^ *  tho 
ealoolated  values  of  Ihi  are  13  iv  253  Ivwr  thna  tbs  exporlasntsl  valoas* 

Tha  nucuurioal  ooeff iciest  A  in  fomula  (111)  equals  0*0009  to  0*001* 

Th*  Mj.^oneot  n  to  0*75 
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ula 


.  .ju; 


( loj) 


t::  ia  -jc :iT*'-'leat  foi  o.'iijln'j«rln3  calt'ilatlcaa  wit4i  • 

V 

.  j  r  j  ’  'J  ^ 

■  ..i,  ‘v  :  .i  -.  -  ittia  data  t  i.'i.jd  -r  lonr.ula  (103)  are  compared  wlti 

i  fer  -i  c t r.  .  1:.  rt r.  1  iir.Xit  cbtair  *d  In  tee  postutir  yaara*  tlncae  of 

:  -nl  i.'it'-r  (^wltzoi-iojii) ..  The  dste  of  Kastr  aod  lags  closely 

l!, ■'  !  ',‘1  r  i!'.*  C;.Lr<u  ocij:>‘.ifio  Jiciiaai  uii  Ir..;itato  for  Doller* 

:  . ri.-  ui -.i  v  I'Usa  aie  3-i>  Icvor  than  the  Sorlet 

1  4.-  .  iruo  vjIu,;!.  ii ;  .rent ly  IHna.r  did  not  ^-..ccood  la  calcultit.'.ng  the  haat 
1  ;:  :o  _tly,  >.1;*  tauu  ir  ?)  acc  -i^-iy  ^.to  o3cp<»riiioato  vae  inadequate* 


Fig.  ?13.  Heat  tranafer  in  liquid  aarcury  (aocordl"^  to  rctmOa  lOj). 
tl)  eccordlejr,  to  1.  A.  liiEsyeT’a  foruula* 

(2)  according  to  Kueer  and  Ikgie* 

(3)  according  to  Blaer* 
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Hero  rncoiit  stu.'lies  ct  liranifer  duriB£  flow  ot  Bareury  t«<<  aBalcB** 
tbrousb  tube*  vora>  oorrlod  cut  in  th*  Central  Sciantlfle  ReseoLreh  loatltnt*  for 
Bcllora  sod  Turblnan  b/  Ms.  I.  K^rnoyev  fl^  .  Tbs  rceulta  of  thena  atudlea  ireKV 
clo3>}  to  tbe  reaivl^f;  >f  the  p'oesfls;;  ezp'iriiae&ta* 

ctudlcD  :■*  beat  transfer  during  flow  of  liquid  Detain  tbrougb  • 
VubeiiKjs  coiriad  out  in  the  j«atvar  years  at  tba  luatituta  of  Power  £nglnearii>d( 
of  tba  Acadery  of  Cclencee  cf  the  U36>R»  in  the  laboratory  of  AeadeBlelan  M*  A* 
KikbejeT.  Tbe  res'dlts  of  these  studies  were  reported  In  Au4,ti3t»  1955  the 
laternetlona]  Confererc''  cn  Utilisation  of  Atomic  Cnergy*  ct  Genera  « 

Heat  tianafer  with  mercuryt  tic*  lendf  biaimjtht  aodluaif  blfanitholead  alloys*  and 

sodluD-potasslu®  alloya  was  studied*  and  the  ralues  Kr  to  3*2*10  ^  and 

=e1»1(»^  to  6*5*1U^  ware  thua  obtained,  Tha  heat  flux  raried  from  2«10^  to 

1»10^  i:cal>^  hr. 

An  efflperieal  formula  va#  obtained  for  caleulating  beat  tr«inafar  during 
turbulent  flow  of  molten  oetala  throu^  tubeat 


\'  4  5  CO.ItH.  I’Ti'"'.’ 


(104) 


*  Znatead  of  formula  (104)  the  following  aimplifled  fomula  may  be  reeoraendod 
'or  practical  oaleulationa* 

V.I  ■  ^  I..*v:v  IV  ;'40 
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Aii  in  the  curie  of  tbs  exportmeots  at  the  Central  raolentlfle  Raaeareh 
Institute  for  Boilers  and  Turbinea,  the  effect  of  v2'tt6'>Hity  of  the  neatln^ 
sui/ace  on  tho  host  exchanged  vaa  noted*  It  vaa  ouggaeted  that  oxidaa  for*  on 
tho  tnDS  t'j.ll  bcc.-use  it  la  not  wettad  by  liquid  gtotala*  and  that  the  thar-«l 
reflist’inre  increaeec  ae  a  result*  The  I'oilowlng  foraiu.'n  vaa  obtained  for  tb* 
transfer  of  heat  frcfo  a  liquid  sestal  to  an  oiidlxed  heeVlng  surfaeoj 

NU  ?  O.OII{R?  Pr)”  '.  (103) 

Equations  (lO/j}  and  (105)  ore  correct  for  long  tubes,  vlien  Ji^30.  Vhea 
the  ratio  ^  I*  lowor,  a  correction  factor  1*72*|^  "f  j  *  ^  ^  latroducad 

into  the  fom5ila, 

Forr-ttjis  (104)  and  (itoif  *ay  be  recccneuicd  for  calculation  of  heat  transfer 
during  tho  flow  of  liquid  zsetala  through  eaaaerclalJy  scooth  plpaa# 

Tm  experimental  Tslxes  in  the  axparijnentfl  of  th*  Inetltuta  of  Power 
Engineering  of  tha  Academy  of  Sclencea  of  the  OSh'R  are  lever  than  ths  Talua* 
obtained  frca  lyon*a  and  Seban*s  analjrtical  eolutiona  and  agree  ralotlTaly 
vail  (within  10  to  2352)  with  tho  data  ''.erlTad  frca  IV>er*e  fonoulat 

/\  ah 

Hi  5*  4*9  -h  0.018  (Re  IT)  **  cbtainod  for  bea-sy  liquid  melalaaid  al»o  ogres 
with  Johneon*a  experimental  data, 

la  this  report  a  generalised  formula  van  obtained  for  metallle  and  boo- 
metallie  heat  tronsfer  media  differing  by  four  orders  with  respect  to  the  Talus 
of  JUt 

Nu  -  (.12  r  ('.021  R<t®  *  (lOo) 


MC1/-55I. 


Tor  GDd  gasBB  bAviii^  thermal  conductivity  u  tor  BOltac 

liistala  a  — 0»9»  Th«  cccrflcleat  K  represents  the  effect  of  the  dlreetlort  of  the 

heat  flow  oiid  the  effect  of  temperature  £iffereDce>  In  the  tiasa  of  'POltea  octalii 
K  '^.'1,  The  last  e^untlta  is  urlvoroally  applic.«ble  to  heat  transfer  ealculeticne 
tor  tsiTbulent  flew  of  anjr  heat  tranafer  Kedlua  through  long  tubes* 

To  calculate  heat  trantfei'  in  the  jaresenee  of  natural  convection  of  exy 
hei t  transfer  medium,  including  liquid  netala,  the  following  formula  iH 
reccosijenQedt  N<i=rGr"Pr'; 

(107) 

when  '  '  •  <  f)/'-  urn-  0,2~j, 

a  10*  JO”,  r  M  m 

wh<»3 

/I  -  0,3  i 

The  exponent 

Thus  the  studies  ciirrisd  cut  under  the  direction  of  K*  A.  Kikheyev*  la 
ecc-patiaon  with  all  other  Soviet  and  foi'eign  studies  of  liquid  infiali.*  proriiiea 
thH  most  rxofound  physical  amlysis  of  the  paoeesses  of  heat  transfer  and  the 
most  widely  applicable  and  accurate  calculation  formilae* 

In  1956  the  results  of  experimental  studies  of  heat  transfer  during  the  flow 
of  llq’.dd  sodium  through  tubes  were  pxibliehed*  These  studios  were  carried  out 
under  the  direction  of  I«  I«  NovUcor  experiments  were  conducted  oa\ 

copper*  nickel*  and  stainless  steel  tubes.  The  measurement  section  was  400  am 
long  with  an  internal  diameter  of  8.'^  aai.  The  determiniag  paremetera  varied  with* 
in  the  following  Units 

Kt.a  l.5-!0*-e2.M0»; 

Pr- (6  •4-9)10-*, 

Pc  •«  100  1400. 

These  experiments  confiraed  the  ccneluslon  reached  in  the  porewar  atodlea 
of  the  Central  Scientific  Research  Institute  ibar  Rollers  and  Turbines  as  to  the 
influence  of  an  oxide  film  in  pipes  on  t)\v  efficiency  of  beat  transfer* 


MCl^ 


X*  Korlkor  asd  othsi'a  obtaio^d  t!io  fol'lowiog  aznpirioal  fonnula  t>3r  tb* 


Pa  —  to 


Nil  -=  5/1  *  0.015  fV®  * 

(108) 

FcnsuXa  (lOd)  ciYem  roaulta  cloM  to  M*  A.  Mlk'he]ro.v ' a  FoTBOtla  (I04N  Atr 
tho  ranea  whi^rc  To  ^200  an  eaplrlcal  formula  could  uct  to  obtained^  sloe*  tho 
r..i.-,>  ,r  of  esxperl'jnj  ,,  poluts  vas  luauffinisnt* 

In  1957  tL^  rcci;lte  of  S,  S.  Kutateladze'a  and  V,  K.  Bcrlahanakiy®* 
oxt«0ricients  or  ^est  trnnafei'  and  raeistanea  In  liquid  umtala^^  porfoniiea  at 
tho  Contral  Scientific  Poaaarch  Instituto  for  Boilcra  and  Turbinas  vors 


published.  This  van  a  study  of  heat  transfor  when  load>bi(E3uth  outoctiea  and 

sodium  are  floving  throu^  round  tixbos  t.o  33  ™  io  diameter*  wboro  tr  ■^•0Q5 

to  0.035*  the  boat  flux  q  —  3*10*^  to  1,3. iO^  kcal/"^  br,  IV»  =  170  to  11*000* 

•non  fo  —^OO  to  11*000  end  ?  ^30.  the  axporimenl ul  points  for  tbs 

d 

bismuth  lead  alloy  and  for  sodium  yioldod  a  ccesnon  function  in  eoordinataa* 

sspresjsd  by  the  equation 

*  0  •  •  • 

Nu  .1^5  )  00021  .0*. 

(109) 

When  "  30  to  300*  tho  raluae  obtained  fer  KU  vara  losa  in  eoaipariacsi 
vlth  tho  theoretical  solution  for  a  laminar  flow*  For  tho  glren  Fa  rogioa  tha 
follovlnr  ipprozlmato  fonwla  vas  roeoaneaded 


Nu.=  0.7Pt*.  (110) 

A  roliablo  functioa  Nu  «=  (*'»)  for  tfala  ranga  of  raiuea  of  lb  aaj  ba 
obtained  by  aeoumulating  a  greater  aumbar  of  azparlaentsl  points* 

Tha  results  of  foreign  studios  (rubliohsd  frem  1931  to  195^)  of  bsat 
troaE.sfsr  in  liquid  sotals  coinelds  fairly  wall  vith  tha..  funotiona  obtainad  at 
tho  Is'MLliUkS  of  Fovor  Suginosriog* 


MCI.-35* 


/ 


.  -m  > 


'17!  3  r  * 


c:itroI  ./Cientlflo  ]^aseareli 


f' .'1*  .‘.voiiorfi  and  Ttj'*birf>a  n^r  nsat  Is  liquid  ss&srcujrjr 

ut  l  I- (utilisirg  t.*io  liiyaioal  oonfitatits  o®  Esrcurjr  obtalMd  by 
tL.o  Til-;,  ivuvo  oi  Fcvt.i  E; -irioerlng  (sea  Apjjeac'ii  TII;  also  egreed  slossly  vitir. 
'v'na  fi;r-'iio2s  ct  :ts  lactltuto  of  r>cw«»r  Ej'^giBaarlx^g. 

i-v d:  .-I 1. !  i:  i 1  n t -- ■■  c a .  Ir  1935  -.he  hydraulic  reuiatanca  of  a  aacoth  glass 


tat-xi  ’«a;.  studiec:  ^cr  In  nba  r  .3 

T^e  da'.a  oti-P-in‘j>'i  sgr.oJ  vith  Elasiua's  lavs 


1.00  R*  -■  i:.»io3  to  55»io^. 


t  i))|.llSt“ 


(111) 


In  193P”1939  A.  rt»  Soi'ln  and  I,  Ys,  S.'-r.'.ooThcr  o*  tuo  Ceu^i-aii  3ci«ntiii'a 
TtoGoarct  Inatltuta  for  Boilers  and  Turhineo  moaeurad  tha  hydraullo  resistanea 
VI  staei  tubes  when  rter.jury  Is  flowing  through  then.  Vi'hsii  Rs/5*10^f  s  squars- 


1/j.w  realatance  was  noted,  but  tho  o  .«ttorlng  of  -th?  points  was  great*  A.  A* 
E.onaooJ’  aul  L.  I.  Oel'xan  conducted  rsoro  jarooiso  sxporlaonts  on  caxboa  and 
alloysteel  tubos  with  u^ju^suroment  Ructions  10.  I6.  and  20*3  n»  in  dlazaetar  and 
Ro  =  10*10^  to  Tijiioo  azporidonts  wora  repeatad  in  the  postwar  years  [1^ 

lit  ihs  c.i6a  of  uoi-1  C“rbcr.«5*^^R !  th«  following  formula  was  obtained 

for  the  uq-isre-lav  roalsti.iics  region  (Fi.g*  214) » 


An  equivalent  roughness  of  K  tc  C*Cd  ns  corresponds  to  this  value 

of  the  reB.latonce 

In  the  WBO  of  earbon^steel  tube#  and  alloy>ateel  tubes  £  ~  0*02  and 
K  —  0*02  t«  0*04 

In  the  postwar  years  thv  Central  Sslentifle  Research  Institute  for  Boilers 
ar-u  Turbineti  studied  the  hydreclle  re9l?>t3nss  of  tubes  when  zaiyuesivua  aibalgsus 
wav  flowing  through  then.  Thu  .v*ev..atuusa  coeff J.sionto  'hvalned  fell  on  the 
oui’ve  In  Fig.  214*  vlth  on  equivalent  roughness  cf  C>0j  >xm 
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Fiff.  '>14.  C:;^ r*;.;!-jiii  vf  rrlctioE  fo.c  flow  of  :icrcury  aad 

rtMlg'iSs  through  sttal  tubas* 

(fi)  an  Hg  (b)  itsB  (e)  run  asialg&n 
( 1)  !i3od  carbos  st««l  tubas. 

('?;  li'-iw  '•arboa  t^tel  tubos  anJ  alloy^steal  tubas* 

In  a  prerioualy  atjntivn*'!  aiudy  ^"‘7  tha  byJraulic  resistanca  during 

Inctnura:/!!  and  oonlsothonr.al  flcv  of  aicltea  blanaith  and  bisnuth-lwad  aatectics 

tbrcugh  tutos  vera  invgatlgatad.  Tha  f xporl-’a^nta  vora  parfornwJ  cn  tubing  of 

o 

steal  20  with  a  dlamat  t  of  10  ata  and  for  ralues  of  Fia  up  fo  I?*.''’?-  _  Thi 
effect  of  the  magnitude  of  tha  heat  flux  on  tha  hydraulic  resistance  was  not 
“acert'iined*  In  tha  region  of  square-low  resistance  the  azj^axisjeatal  j>ointn 
for  liquid  &--t»r8  and  w-.tor  f»ll  OS  a  cossaon  ouXfe*  Tne  numerical  values  cf 
tho  .uslatanca  eosfflalwnt  for  liquid  motala  vara  of  tha  stuns  order  as  tboaa  la 
raf  •  [1^  a 

n  .xt  tr-.no^of  during  boiling*  Of  tha  grealast  practlsul  Interest  at  the 
present  ti-os  is  the  study  of  host  transfer  In  boiling  earcury*  which  nsy  l-e 
n<»«d  in  ibo  cooling  circuit  of  bolllns  fast-auutrra  *«dstws  or  In  the  eeeondais 

‘ii^ 


% 


-  -■  .ii:\..i  ;ya  '’.■i  ‘t'i«  utcol  tube::  iir«  not  vi-itVibl®  by 

'  ■  i  -  :  •  ■  -  t for  ■  ;.  .c  ibi  r^-'i'u,  iy  ;u  i>ct  Vh'sa  the  r:,rr'arjr 

.  „  l:.j  eib'eot  oi'  uurv, ot lubl  11  f.y  ca  l  ot  truaefer  le  greal'»r«  Wh^n  t'l© 

o 

. :e.  :  blo  or  l  y  Tcury  oicueda  yO  ,  th.>j  tuDbiao  31'  vapor 

r.^ .  . U-t  t  ill pci,  whica  c^iu^ia  thair  dlair.ater  and  dlearisag®* 

.'t  j.:.:  :  to  t-i  l  iTty  .  Cu  ?  vertical  hautin,?  ouTfaca  a  bubtla  ot  morcuiy 
V  ;  ;  r  o  !  ,-o  i;i’.o  tnc  cei.tor  oi  tha  utreiua  but  slides  along  tbs  va]!^ 

,  1..  t  -  o,._  o.j  oi  wei.-ioo,  tnla  reoulroa  lace  v  oric  tbac  dr,«a  psLOtration 
v  i  l  iy  ■.  o  -  by  ob' :^rvatiotis  ':f  o  haataa  gieaa  tuba,  j  aysrs 

of  i.-T'.j.-y  ^ciyor  f:r..i  ulc-i.^  -Ue  tub-i  wsilc  mrrci'Ty  is  icoTir.^  in  tla 

c  of  t:.?  '"b  rivr  yertien  of  tt.s  cress— isctlon. 

i':.c'  vuj'.r  lo^  .r  alobg  the  forls-itor  of  tho  tut^s  la  an  additional  hant  resis¬ 
ts  j.re  wer  -o-.’!  tout  trastifar  la  bolllnft  ourcory  In  c ^ipirl «<?n  vlth  liquid© 

~vi,'-4n.'  tni-j  •-•.•-tlcy  uvrfjcs.  In  lbs  c.-oo  of  vetting  j.iqulda  under  ooilerate  heat 
'luioc.  turtle  ccc-'ra  and  cr-ly  Uud'i;*  »ery  higa  fluxes  doe;  the  trabsitlon 

to  fi'i.i  )  rin:;  vita  Irp  Srod  ti’  -t  transfer  o-.:eu.r.  Ac  v.n  already  iajnV.loned*  la 
the  c:^  of  nonvettln;,.;  metal;  simil-ir  to  mexc-ry  film  boiling  occurs* 

The  first  ..tuiio.'.i  ci'  beat  ir.nunfar  daring  lolling  of  a  oonvetting  liquid 
Cr-^rctr,  ;  vore  eairied  o.it  at  the  Centra]  Scientific  Ressaxch  Institute  fuor 
t.nS  birbine-  la  -  It  vae  found  that  the  officlsSv7  of 

nont  rr  r-'^r  the  caca  of  n-oillng  r.onvsttlDg  llfiUlcs  is  ccnsiuorobly  less  tha* 
in  tue  evise  of  liquids  which  vet  the  heating  aurface*  Impalrmont  of  heat  transfer 
bogin;  lc;\g  bsftrs  the  '^emont  vUnn  the  mercury  stream  reaches  the  boiling  t«op» 
erat-iTo  torrosptjnding  to  too  preo.-sure  at  a  glT«-n  ix>ist  of  the  Taporlslcg  element* 
The  oxpsi'lroats  were  uoiiluolad  during  the  vsioiitilng  of  msrcu.’fy  iB  S-H  annular 
v,h.4r.*i.l.  Tjow/  uAperuuocio  we;:o  costinuod  In  <-3  a  loop>olreulatio& 

oil  cult,  oro  bi>Mt  Vuct  charavcoj'iatics  of  ho«l  transfer  during  belling  and  tar. 


'/  /^. 


olrcul^tloa  charaeterlttlea  vera  Maaurad.  In  19J9  atn£iaa  of  heat  tranafar  la 
mereurx  in  •  Tartioal  *>'***  •  vioar  raafa  oi  Tolucltlai*  jiir«ssuraa»  and  itaat 
fluxoa  Vara  farrlad  out  at  tba  Caatral  Snlantifio  Basaareli  Inatltuta  for  7V>ilara 
and  T'lrbinaa  on  a  oireuj.ation  elreult  vith  a  oaasuraaaat  aaetlon  of  graatar 
halsJit  a  of  tkaoa  atuliaa^  esparlasntsl  itta  vsrs  ebtalaad 

which  g^ada  it  poaslbla  to  caXoiUata  iha  elreulatloa  in  narcuzx  ataas-gaaantor 
eireuita* 

It  vaa  not  poaalbla  to  axpraaa  ha  raaulta  of  tha  azparlJMn^:a  in  taxBO  of 
pen:*nllzad  dlnanaloiUaas  fomilaa^  tiaco  0T»h  in  tha  aasa  of  hiiat  tranafoir  dur* 
Ing  belling  of  fairly  vallohaowa  watting  liquids  (vatar  othara)  thara  waro  no 
throratlcal  cr  asplrioal  aquatlona  aaallablo  at  that  tlaa*  Tha  aathaniM  of 
bollmg  of  acnwatilno  llquida  vaa  awaa  laaa  aaanabla  to  thauratlaal  oAaIfola« 
Additlonil  axparlaanta  wara  aarrlad  oat  for  tha  purytao  of  atadylag  tho 
belling  naobania  or  avxwatting  Uquilt*  h  oarlaa  of  ar  poriaMOto#  lorferaad  on 
gloat  end  ataal  tarorlxlag  alaarntoa  eltarly  tndlaatod  flln  boiling  «t  tmtmrf 
and  bwbblo  boiling  of  wnttr*  Thata  oiporiaatta  indiaatag  tho  poooihlUtf  of 
eontidertbly  Iniroribg  haat  traetfbr  with  bciltng  caroury  by  adding  iiolinna  of 
Mgnaalifi,  tiUnlta*  and  crrtaln  ethar  oaula*  Xt  wna  olao  tnowo  that  haat 
tr»ntfar  la  tho  iracanoo  of  boiling  aaroufy  nay  ho  Utonaifiod  MahanioaUya  ^ 
agitating  tho  oumat  with  opifni  inaarta  U  tho  foparltlag  oianantoa 

In  19J9  VmO  |fca»»aaaa  >f  ooforotion  of  a  *nger«dlqtid  oiMlidon  into  a  tigar 
and  liaaU  th«M  in  tha  horittttnl  tnhaa  of  a  wraniy  ataan  gtaarator  woo 
oaUbUahad  at  tha  Ooatrol  9aiootifia  Mataoroh  Xnatlt«t->  frr  Mlart  and  Ttatbiaat# 
Thin  yhaicwnin  oooaad  9«at  datarlaralian  In  thn  ao»<*ittoM  of  hoot  tronafotfija 
la  gaotwor  anyortaanto  at  tha  Oantmi  dataatifta  Wooaarih  XnatiloAa  tm 
iolltrt  Old  TwrolaBO  (H*  X.  Komayaw}»  dooUng  with  haat  tfonafof  in  tha  proaonaa 
of  fioa  oonvattton  of  hoillag  oariary  aai  aagjWiti  «»l,«h  and  aiaa  daring 
hotw*l  alraolatioa  in  t«haa»  oa*  data  wore  ohtolnod  • 


la  tb«  MM  cf  a  Imsfi  ▼«!»<•  cf  bolllas  laareury  tb*  fuliawlas  •qwiioa 
vas  obtalaadi 

•  -  :  ■  <>nc.  Ki, 

la  tba  MM  of  a  lar^a  voliaa  of  bolllac  mmgp»a\vm  aaolgaa  with  a  eoasaa* 
tratioB  by  wcleht  cf  0«01«0»04^  tha  folloviag  aquatioa  waa  obtalaadi 

at. 

la  tha  Mse  oi*  lolllitc  otgpaaltM  aaalciM  la  MrtlMl  tuhaa  thla  a^vattea 
takoj  tha  fcni 

Tha  aaoa  a^ttatloa  waa  obtalaad  la  tha  aaM  of  taaliaa  boillac  ^  horlaoatal 
tubaag  wuar*  a«a4ur*aaatt  ara  takaa  aloae  tta  Icwir  caaaratrla  of  tha  tubaa*  Qh 
tba  ur;ar  Mn«rktrLs  of  a  tuba,  at  a  raauK  of  tha  Mfaratloa  af  tha  ■araury  aaA 
urcury  vapor  phoMa  la  tha  alatura«  tha  axpoaaat  ?f  ^  varlaa  ttm  Og  3*01  tUa 
vutraaaa  valcelty  of  tb*  laaraury  ta  a«u«1  to  0»ft?  a/wonj  to  (v.dTj  «a*a  tha 
aatraaea  valoalty  atMla  Og)  ^/aaa* 

y*  Ig  Soraapav  U  aB|«rtMht«  ahewad  that  0«  Kg  lira»hiUa*a  thaa>atlaal 
a^uattoaa  for  rraa««oavaattaa  aa4  aataral-alrtulattaa  aaadlttaaa  tarraatly 
daacrtba  tha  hoiU««  traaaaa  of  aa^^ailaa  -fiiltar“i 

Za  IfUt  Kaat  traaafay  ta  tha  hol}U«  r*(laiia  ahaa  taa  alraalatiaa  i««a  m* 

Zow  (ap  ta  oaa  laalaatva),  waa  aMta4  at  Ua  Oaatral  Salacttfia  Itoaaarah  Xaatl* 
tata  far  hUlara  at4  'Vrhtaaa  aatap  a  aartary  ataa*  •Maratar  with  ftfaat  air* 
aalattaag  Zt  fourf  tMt  ta  araaa  Matlaaa  af  lha  taha  with  hi#  fa#* 
faataat  (af  ta  tOOC)  tha  hMt  ttaaaftr  taaffltiaat  naaiaa*  ht#«  wharaaa  U  tha 
aaM  af  aataral  atrculatloa  ovaa  vlu  a  tapai  aaataat  ff  aaljr  %  laialaiahta 
ovartNaattac  af  tha  taha  inawritg  lha  aaparlaasta  war*  rafta%*4  ia  tfht* 
a  haat  flaa  af  SOgOOO«55  kaal^*  W  tha  haat  uaaafar  aaafflataat  fht  tha  WOa 
lac  aartanr  at  tha  «att  taraa  of  ooU  raiihtf  5»9^>*^hOOO  aaaZ.^  hr  \g 
hhaa  tha  art]  waa  raftwaah  If  a  atral#t  ft#  with  fhaMt  ay  la  200##  kaalA**  h^ 
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th»  ti«4t  trsnefsr  eoaffiolent  was  still  Tsrj  high  (1(5^^  koal/i  hr  C)» 

AfEftreatly  ia  ths  eaes  of  forc«l  elreulatlos  tt«.  arrcury  itrcas:  is/tlYldod  into 
T«Ty  fins  drops*  which  ar«  oarrlad  by  ths  Tsper  r.u;ri<Bt  ia  'hj  far*,  of  a  siM> 
paaslon  sad  ictsael  irsly  cool  ths  hsiclag  surfses*  This  thscvy  issy  bs  esrrobs* 
ratsd  TlsusUy  by  obsarrlog  s  flew  of  asreury>slr  nlxturs  la  a  glass  tufas*  It 
Is  possible  to  choose  ths  satroaes  Tsloeltlss  of  ths  gss  sad  liquid  phssss  la 
such  •  WAV  that  th(<  twov^so  stresa  bscemss  hcinogsosous  and  all  the  asrouxy 
will  be  la  the  fsm  of  rcry  flas  drops  suepandsd  la  ths  sir  currsat* 

If  ths  results  of  ths  Isborstory  weperismats  at^  corrsborstsd  oa  s  ssatl* 
ladustrinl  srtsls,  thea  it  *d.ll  bs  posstbls  to  ooileTO  great  hoot  fluLoa  hf  ualag 
anreury  as  s  coolla^  asdiua  la  reactors  or  ia  secondary  hast  ozohsa^ra  • 

50,  Hast  ‘arsBsfor  durlag  Ceadsnsatlo 

Tho  cffielsBcy  of  best  traaofor  durlag  tho  coadoasattea  of  Tipar  variaa 
greatly  depeadiag  oa  tho  typo  of  coadoosstlea  (flla  or  drop)*  Ia  tho  oosa  of 
Bonvattiag  linuida  the  cchea'To  forooa  of  th*  portlclos  of  ths  liquid  aro  grsator 
thsa  ths  odbsslTc  forces  of  the  psrtlolos  of  a  liquid  oa  a  solid  surfaoo*  Ttusa 
la  th;  cacs  of  aoawottlag  liquids  tha  drop  fcam  of  ropor  ooadcasotlCB  is  pras 
dotsimiaod* 

from  19J7  to  19hl  i*  1.  XsasysT,  1.  N.  Lsahkiat  it,  X*  Surottiae  wad  U  Z* 
Ooi'asa  of  tho  Cohtrol  ocloutifio  Rssoorch  Zaatltuto  for  Ecilsrs  aad  Tartlaoa 
atudlad  tho  coadoaaotioa  of  airouiy  sopoer*  iho  drop  fom  of  oeadoaaatiw  uao 
ostsbliohod  both  Tisu«lly  aad  with  tha  aid  of  a  ■etiea>pleturw  ooasne  Vith  a 
hoot  flux  of  lOOeOoO-lfOsOOO  koal^?  hr  aad  a  toaporstuio  diffaroaao  ot  aV9S*0 
botuooa  tha  aoroury  Tspor  aad  vator  Tspere  tha  hoot  iroasfor  oooffioioat  ia  tha 
ooBdoaaorsvoporlaor  was  3eSOO«hsOOO  ksaXyh^  hr  *C*  Tho  rolatieaahip  hotwaot  tha 
toaporsturo  dlffsroaoo  aad  tho  ororvaU  hoot  troasfor  oooffloioht  durlag 
eoadsasotloB  of  aoroury  vapor  with  vaporfsadAwator  o  ieltag  ia  ohow*  ia  Ftg*  3X5# 

wl-IH 


In  tb«  poatwar  jaara  additional  studiaa  of  tba  oondanaatioa  of  Bareury  aapiir 
wore  carriad  out.  Th*  :?alatioa<ihi|  tatvraa  tba  bant  transfar  soaffieiant  aad  tho 
stauB  eondacaing  on  tba  vail  vaa  aiuilfi.ad^  Tbia  ralatic.'^abip  ia  ezpraaaad  bj  tba 
felloviag  fonBulai  c  ■  ?  .  lo*  »«.i  «•  vufX. 

hr 

|> 

Tba  atora  fomula  ia  aoxraat*  w'  ao^t^^  C.  Tba  affloiaot  taBx>aratiira 

0 

diffaraaca  for  poaar  planta  liaa  bat^aan  15*^ 

atudiaa  of  boat  tranotiaalon  during  aondah*»tlofe  of  asrsurp  Tsscr  vara 
*  r. * ^7  b7  U  I.  Cal*aai  (7]a 


fig.  ?IS*  ^  ralotioat,'U!i  batvaaa  tba  taapiratara  diffaroMa 
and  tba  bait  tranafar  eoafficiaat  durlac  tcadaaaatlaa 
of  Baroar/  vafai. 

(a)  aitauiar  ptia  ib>  aaivilar  abaaaal  (a)  toil 

(d)  K.  ksaxV  kr  *0 

tba  axparlBaalai  data  vara  plattad  la  tba  r»llowlB«  aaortlatiaat 

*■[ - * - ,r  -  flM» 


'f-fa 


«i<Si54 


Tb«  foliovliig  fuxtetloB  w«*  obt«lM4  ^or  tb«  e4ii>*  vbars  «ir  li  nrt  pi'eMnt  1» 

tb«  BMrourr  vapori  >  ,  , , 

x>i  »  I 

•  I  V  i('‘  ,  11  -  J  C. 

Kt..l  fjX. 

Turn  r?lic«iiBc  fUBstloa  vat  wbta..a«d  for  tbo  eoM  vbort  air  la  jroaaat  !•  tlia 
ecfidaaalof  Kcreitn  vajiQri 

1 
I 

.  I  '0- 

OtaigMtioBa  uaadi 

—  baat  tvanafar  coaff !:!«&'.  luxlt«  soBdaBaatlaai 
^  —  Tapoi*  yraaa'U'*  >ioi>daaaari 

'  —  ‘llffa.'onea  ta  tesparalura  eatvaaa  tba  aareury  vapor  aad  tba  eoeXlac 
aitrfaoai 

^  ->  atara^  valoelty  of  tbo  vapor  la  tba  ooadaaaori 

1/ 

"f  —  «pv4l^^<<  erotlty  of  tba  vapori 
V;  »  avaraga  valecltp  of  tba  Tapor<«tJr  alctara 
apielfia  gravity  of  tba  vapar««lr  aixtaro 
.*  ^  ecBaaatratloa  by  walgbt  of  air  la  tLa  vapoi^alr  alstaro 

Motlob  Uaaaa  at  a  biaa  la  UwtH  Hatbli 

la  datlipalbg  tba  worblag  vbaala  of  oaottlfugal  puapa  for  llfatd  aotalaa  1% 
la  Ba:aaaaip  to  datar;4ao  tba  r?iar  loot  tbrougb  friatloa  batwaaa  tba  faoo  Mir* 
faaoa  ot  4  vorkUd  abaal  (aa4  Ita  rl«)  aaA  tba  Xtqal4« 

N*aaaa  of  tba  abaaaao  of  aiporiaaBtal  data  ooaoondaf  frtatlob  of  a  AlA 
rotatlag  U  Udolda  itbata  {xororttaa  diffar  frob  tboaa  of  «ator»  la  1^3^931 
*1  t(  fastyrr  .f  tba  Central  Sclaatlfls  Zastltat:  ftr  ^btlars  szi 

Turblaaa  aarrlad  oat  aiparlaobta  to  datomlaa  tbo  povor  loot  tbroa#  f  rlatiob  af 
a  flak  la  UqaKU  Alffartag  craatly  la  daaaity  aad  vloacaltpt  aatatt  karoabtoo 
turbUa  oil«  aad  a^raurp*  2t«a:  ilaka  v/t  to  900  m>  la  dlaaatar  Moro  ataiUd, 
balb  aaowtbXp  flatabad  to*  artiflaUU/  aowebaaad  (oalag  aaad 

NO^ 


wUb  fralaa  at 


ntt  bondsdwith  lacquer}.  Th«  expariBaatB  wcr*  eoaduetad  vith  RtysoUs 
2  7 

nuB.bcra  ranglBg  from  10  to  10  • 

Troa  the  reaulta  o.f  too  •xpcflsuata  with  aiareury  an  erjoirlcal  foruula  for 
tho  value  of  the  Ioims  throu^  frictloh  was  obtalnodt 


vhora  D  is  the  dlaowtar  of  tho  diak»  la  »t 
^  la  the  Eonbar  of  rotatlcca.  !■  rfBi 
y  is  the  klBosiatio  vlaccsity  of  asreurya  ia  a*  aoa| 

^  is  ths  spoeirie  graTlty  of  sioreuryt  li»V. 

It  vea  found  that  I^axsidtt*a  thocrotleal  aoluttoi  for  a  rotating  disk  did  not 
ssrss  Mtisfaetorlly  with  tha  •xpariaant* 

1  «oa»ral  eolation  ha*  V«  a'.rva  ts  ti»  isrchle#  nt  tU  f.iotJwa  o*  n  diak 
la  a  liquid.  takia<  ths  thiekasss  of  ths  disk  into  ssseuat 

A  ring'Shapsd  slsasnt  of  radius  f  aad  width  ^has  ths  fats  of  ths  diak 
has  a  tvo-sldsd  surfhssi 

J* 

Te  This  surfhss  sisasnt  thsrs  sorrssponds  s  fristtoa  fsrsai 

Jf,  .V/  f7»  ’  w'r* 

•<  S 

shsrs  C  is  ths  rsslatanss  sesfristsati 
is  tho  spssiflt 

^jC,  la  ths  rolesity  of  astioa  of  ths  liquid  ralativs  %a  ths  surfhss  af 
tas  rtag  sisasal» 

Ths  iioasal  ww,  -  .sr. 


cones;-:!!'',  to  th«  frlstlon  fore*  ^ 


t 

I 


7i  4  ia  detanalaad  ftroea  axparimaDta  wltb  a  rotating  dialct  than  «  u/  r« 
Ejr  ir.togratl!^  kLa  alo!iK<nt-of>wor)c  aouation  Trcm  0  to  7^(tba  obtalda  radlu 
of  tt.a  dialk)  «a  oi>ti4ia 


(113) 


thia  eqiuitloa  glvaa  the  loaa  of  poMW  throu^  friotioa  of  bot^  faea  aurfaeas 
of  a  diak  rotating  In  tha  llqulda 


ngk  211k  Kalatlaa  bataaba  tba  raalataaaa  eeaft*lolaa%  aii 
nayaolda  auibar*  (1)  karoaaaa  (I)  aaiav 
(3)»r«UT 


Iba  aaargj  laat  tbraagb  frtattaa  by  tba  run  af  a  «iak  rot«ii«i  la  a  llaaiA 


ta« 


d  U  Ua  altU  of  tta  rta  ar  tba  ilaka 


4^3 

'  •yi#- 


d 


Vf  toiftl  tmtTgj  lo-'t  throu^  trletioB  tjr  th«  rla  •b4  ths  f«e«*  of  «  44# 
rotating  ia  n  !•«  I 

»*.tr  *9 

V  A.  V,  t.-j  !!)"i  ln‘(J  h  -  c 

(US) 

* 

Tho  i«alaiuie*  ooaffioioat  e  dopaMa  on  tbr  Rtynolda  nuabar  Ra  *  ~y 
aud  OB  tha  rougluaaa  of  surfaca  of  Uia  dlak«  K  •  Tha  xaaulta  of  •xvw.MMktM 
vita  aaootai^  flnl^ad  disk*  la  aalar*  k.-sres-sLa*  aad  sarculj  fail  <• 

.  AiAonoB  ourra  (Tig*  2I&)» 

Tha  aff<;<t  of  rouganafta  oa  ttia  «alua  of  tha  raalakaBci'  floaffialaat  ka 
ohA-loua  fr<u  the  follouiag  figaraat 

Cotssareialljr  aaooth  diak  Ra  ■*  4*4Cf^i  C  0»00i 

Sand  roughaaaa  K  Ra  C  ■■  0*014 

Saad  r<<a$tuHa»  K  *0*43tdB|  Ra  «  4*  10^1  C  *  0*0® 

Tha  roughaaaa  of  tha  aaat  aurfaaaa  «aa  tleoa  to  0*2  ■»*  aaO  th«  rouglitaaa  of 
tha  traatfd  aurfoca  «aa  aavroilaMt«i/  0*1  m* 

Flguaa  214  gla**  th^  iralattaea  eoafflela&tt  for  traatod  diaka^ 

5^*  Th*i»»*k_">.y*i>>i  Cg«Uat»-fif  gotUte-UaBtU-StjoU 

Htramr.  Kh.  khaUiora  •  t«l«*tlot  at  tha  AllMMoo  Hoot  aa«  Nmr 
aactaaarUd  Xoatttatoa  oarriod  m«  aBgorlaaata  ta  dataxslaa  tho  Tiaooalty  of 
llfttU  aaraorf  for  taoparatoraa  raagloc  fwa  dO  to  <00*0  and  tho  viooooitv  of 
■artwrr  *•»#  for  t«apaiotar*a  raoflM  fMO  JS#  to  <00*0*  1W  mmIIo  of 
tha  acgarlaaota  ora  flvoo  to  IhUo  jf# 
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1*  Tba  folubXllty  of  ixon  cod  aIIojIb^  *lwwntf  marawf  mt  T&rloM 
tM&fer£.tar*s« 

2*  Tba  aolubilitjr  cf  aereury  ia  »tu«l  «t  hiiJi  tad  pr*««uro«a 

3*  Th«  por.atratlos  cf  aoreur;  doiv/  th«  itaol  graia  bouBdtu'ioa  Mhlck  oeeura 
at  high  t>m^ratu.-*a  usdar  atraaa* 

4*  Th«  wattatlllty  of  tha  vtoel  surfac*  hj  aatfurj  at  hlffi  toBparataraa* 

3«  Tha  laUractloB  of  Aereurj  aad  ataai  at  high  taaparaturaa  la  tka 
prasanco  of  axygaa* 

It  vaa  fettad  that  aa  *aBalca>*  Af  Iroa  ta  eet  a  tnia  ai>4Ha«»  but  a  raapaiajoa 
of  Iren  or  cf  oztdaa  of  IroB  ta  aarr4Z7«  ‘ 

bbaa  that  a  vea  ao  a»7gaa  la  tha  aktreury  tha  aa^cuat  of  trea  dlaaolaat  ue^ar 
ordlcary  eoadlttoaa  did  aei  axeaad  O.OOOaC*  la  tha  prasaaca  of  ■all  qtiaatltlaa 
of  oxrsaBf  tha  aK^uat  of  Irca  diatolvad  ta  tha  aortury  laerataad  to  t*Oaa 

it  laervaaad  by  t;n‘<^st*utal>'  iOa  ttai'a*  Tha  affaat  of  tha  taaparataro  of 
•araurf  oh  tha  aolubltttf  of  Iroa  Is  it  vaa  aot  aaeartalaad* 

Tha  aiparLaanta  ahoaad  that  mrtMTf  aaa  aot  aelubla  ta  traa  at  klfh  tasi* 
aratyraa  aad  fraathraa*  Tho  paMtratloa  of  saraurr  aloat  ths  atoal  0raia 
touadtrlaa  at  high  taaparataraa  ta  atraaaad  ataat  apaetaaa  vaa  atao  sot  aaaor* 
taiaada 

Thaa  tt  waa  rettad  tact  ta  Ua  abataca  of  oqrcaa  a^rauiy  d«aa  aat  affaat 

ataat*  Stoat  apaalsaat  taotad  la  a  aadt«  of  aat-tratad  aad  aaparhaatad  aaraaiT 

vapor  at  tasparatwrat  fras  400  ta  7C«*C  did  aat  ahav  alhsa  of  ai«raaalva  aattos 
as  tha  part  of  tha  saraarp  Ta|«ra 

Mcroaty  aostalslsc  atplaa  tas  hava  a  oasaldarahta  affaat  as  alaal*  ftirlsc 
tha  aporatloa  of  tha  aoraarf  ataos  saaontar  at  tha  Oastral  Salaattfia  Maaaarah 
Zsatttvu  far  •ottaro  aid  Thrhlsaa,  tha  fanatloa  of  aa  oaitda  ftla  as  tht  icktla 
af  tha  hoUar  tahaa  aad  tha  dapoatttaa  af  ostda  U  tha  aoUaatara  wa  sahaio 
h  tarca  %«ahtttp  of  aapgaa  ta  Mcraarr  eas  aasaa  tha  tah.c  af  tha  ataifc  tasaratar 


T.  K.  Saa«iiQh4B)co»  S.  Bariaf*  aat  N.  L,  ftokrovakly  12^  cxperiziBatalljr 
•tudxea  tb«  aurfae*  t«a.iiv>u  of  aMtAekaa  of  bu-iuai*  J.lt&iua*  aoAl’Jii  potoaol«a« 
ruMdluKt  aad  oXhtr  It  wao  foitad  tut  tho  •zp*rist%ntal  valuoa  oloaaly 

'olaeidttd  wttb  valuta  c.tlcalatrd  teeordlM  to  a  aura  Braetaa  varalua  of  Shlali* 
lt0T8lclv*»  fonKtla  d^valoped  hj  tba  authora  of  tha  atn£/« 

ttetbodt  of  praparlBf  analf.asa  of  .iarfaea*«ctl«a  aatala  wara  da^lasA  ky 

7.  It.  iuanobaiiko. 

?.  t»  iu?a«aaTlea'a  study  uaa  davotad  to  as  iBT.<atlgatloa  of  tko  aiir* 
faro  taaaioB  of  aerdury  aad  otbar  aatala* 

SoJldT*  ftitaaaiua.  acd  U'bluia*  I.  I.  Kitikor.  1.  K*  Solav*yaTt  Ta.  N* 
Kbabakbraaboiat  *sd  T.  A*  Sruscaa  LiiO  n^aaurad  tbs  rla^osltyi  tkanir.l  ■‘oaduet* 
taity,  aad  daaalty  of  «odl\ci«  yotasalua*  litblua*  aad  a  a.i4tai  potasaioi  autaatlt* 
Id  tta  ivpiNrt  wrtttaa  by  tbsoa  dctaatlata  tba  ^luaa  for  tba  claaciatla  alaeoaltya 
tii^raai  roatuettrit:-,  abd  itatity  o^  sodlts.*  9ot<«*altB^  tbatr  autaatio*  aai 
dlthlta  vara  ytaaa  la  t.-n;ortturaa  ramalat  fra  lOQ  to  TM^C* 

la  To*  0*  CbTldaw<aUy*(  roo'^r*:*'  rf^tlawa  ta  tba  tbaory  of  toraloi* 
*tbratl««  Btaturtaaai  it  *>u«  *iaeddtty  %»i  lituida  (la  t>tfilaalar»  aarauryt  tU, 
Iaad(  atO  a  tasa>blaauta  allQy}tra  ooBoldarad*  Talaaa  for  ataaoalty 

eaiaulaud  aa*oHtof  to  tbla  aatbod  aleaaly  'Ir  '4a  vltk  nluia  dttaralooA 
aaaordtac  to  tOa  raytUafy  ikattaA* 

Per  tartalt  Il4<ti4  oatalo  tba  atfarlaaatallp  latamlaaO  «a^a  for  trlatoollf 
aolMt>  fairly  vail  wlU  tba  valaaa  aHalaa4  tbaantlaally  aeotrtlag  to  A*  U 
■aa01aatty*o  fanatai  •  • 

« 

abaro  a  aoA  b  ora  toortafita  aatVU  tbo  apaatfto  yol—s 

Tba  Altarftoooo  fra  laabloiklp^a  fanatla  »ara  graotaat  la  tba  aoaa  af 
aoraaor  aa4  folUoa* 


•/f? 
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53 •  Rirlfleatioa  of  Liquid 

SoTiei  aelautista  wara  th*  fir  i  t  to  develop  effeetlTO  oothodo  of  reaovlac 
impurltlaa  fron  aueh  Bkitala  aa  akfireuryt  Jodiusi  oM  bXoavth*  Srot^  la 

tU#  prevax  yaaia  .^ofasaor  M.  P,  Slavlnalclp  (w6  cthava  at  tha  I«ala4pra4  MIX'* 
techi;io  inatltuta  had  data  loped  a  nathod  for  purlfylag  soafarroua  aatais  bj 
flltratioa* 

The  reiulreaar.ta  for  pu:  lty  of  aonforrc^  notala  ara  datonsliiod  if  0€6T 
(All<4aic&  5tata  ^teodard)*  la  tha  t^penlla  tha  COST  ( elaaalfioatloa  aad 
taehnleal  apselflcatio&a)  ara  glaar  fnrnerrOt  laad,  tlB*  aal  sodi’au 

Ik  w^a  i^aalhla  to  obtalo  hish>ox>allt«  aodltaa  bjr  nitarlBtf  tvehaieal  0raAo 
eoltua  thrca«ih  pcroua  platan  or  through  ^ory  flat  rlavaa.  ▲  hroexa  alava  or  t 
atulr.]«aa  cla*!  alaaa  c.^Thin.-d  with  *  nieral  slaTO  la  a  ralltbla  fxltar  *nr 
ofctalalBC  to^iua  of  atthlo  purity*  fraaead  and  alatarad  plataa  of  pewdarad  irtm 
ara  alao  guci  flltarlag  aatarial* 

The  Sf'eat  cf  i’arrury  ca  Steal.  Tha  firtt  atudioa  Of  tha  afftet  of  aaraary 
ia  Uta  liquid  aid  aa:<r  {itaat  ca  «tacl  wara  earrlad  cut  la  195^940  at  tha 
Caatral  dalaattfia  Aiaaarea  lastltuta  for  doilara  aad  Turtiaaa.  At  taaparaturwa 
to  C  wakVfooaVawl  apoalaaat  00**0  atahla  la  a  ^^raunr  aadtaB  la  tha 

ahaaaaa  of  a  load*  ahaa  taa  apaaiaaaw  wara  loafad*  at  affaat  af  aaraaiy  aid 
B«rcu.7  ta{«r  waA  ctaaraad*  It  took  tka  fon  of  a  fthaapa  U  iha  atrwst'Ara  of  tko 
aurfaea  '  lyera  of  too  oarboo  atooi* 

9.  r.  Oadtaof  aad  M«  N.  3*vao  (t]  of  tha  Hatoaurulcal  Xaatltola  af  Iho 
iit1~~r  of  Saiaaaaa  of  tha  tthik  nadurtod  apaatal  atuftaa  af  tka  affaat  af 
aaraury  oa  all««ad  aai  tarbaa  ataal*  faa  *,010000  rf  ikta»»ori  daaArtko  tko 
Utaraalloo  katuoaa  ataal  a»i  orraary  U  taroa  of  tha  falloalBg  Ihdlaaai 


io  be',<xM  clogg«A  rltU.  MtSlMAt  aa  a  M«ult  of  tha  lare«  quaatltlas  of  IT'M 
dl»3slred  Vy  tha  lonrcury.  /.a  a  raault  of  cxldatloa  of  tha  aurfasa  of  tha  ataal 
ucala  'ami.  thrc».ja  which  enu  difiuM,  thvs  easalai!  fk’Xthar 

tr4clpi*.aii;>u  cf  seala.  khan  tha  plpa  .xurfaeaa  ara  ciaax>«4»  th«*  ara  aftala  tab* 
jo;t  to  ozldatics. 

ftaa  c«'rchr7  caa  oa  prave.itad  froa  cffartlBg  ataal  ay  alloyUiA  lha  ataal  or 
by  S'idlhfi  to  thf  turturj  alas-^ata  »fMnlty  far  erygaa  than  Jroa 

haa. 

Tt*  foilowlBf  ataala  Olaplayad  tha  graiitaat  stability  la  a  aaraury  mmUobi 
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Chr&laal  ueapoalttcaa  % 
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Qur<^tvaB^t<i'f  1  ataal  C«c  a«l«  d^ulaia  v^rtkaltoa  mt  tha  waory 

ttan  ctaaratgra 

Caraati»-otUao*<«at«aMaa  a»a4>l  (J)  !•  Alahl^Jvhad  hy  a  ftMly  Aiafarwi 
atruttoM  of  aaala  parttalaa  acttag  la  atallar  fhahtM  %•  atfrawaatlf 
wuriaia  aiA  th«a  aaaaU^  tha  aaraaff  t*  aat  lha  ataal* 


airaaiiiit>Blokolf?«ii^«soM«silie3i>  sttel  (I)  forM  e  aeai*  tonpos^d  of  flakoo 
afid  po«d«r  float  os  nirfaso  of  tho  aeroury^  thus  ossbllac  tho  ndlBMt 
to  !.«•  reoOTei)  ic  •  aerator*  Th.\$  stael  is  rsslstaiit  to  corros'oa  bjr  sulfur* 

Th*  ajditioa  cf  1-Jitbltora  (tltaalua*  aogssalun}  tc  stureurr  proToats  or 
daer«asas  ins  acticii  cT  Borcury  oa  stasl  otsb  at  ver/  bigU  taaporaturaa*  Tho 
cxparlji^ata  showed  that  tlcaotun:  la  tba  bast  lahlbltor*  alaeo  it  fonas  a  rolUbla 
IcrtostiT*  filjK  on  tbs  surfaca  of  tba  ataal*  Magbealua  absorbs  ozjrfsa  aaA 
altrocea*  thus  supporting  titaaluis  la  tha  actlTc  stata*  la  addltloa  of  10  ^rka 
cf  titaalum  per  aillloa  parts  of  asreury  Is  aufflelaat  to  peTsat  iatoraatlaa 
with  Steel  at  a  teapwrstura  of  630*C*  It  this  tamparatur*  aa  addltloa  of  20 
i>rts  of  cogaeslia  is  soffielaot  to  affastleaij  bind  tba  f>«o  oogaa* 

Sodlisi  and  sirccal  ua  are  laaa  affaotlTa  tbaa  aapaasitM*  addltleaa  of  aaf* 
aeslva  and  tltaalta  to  careurf  aot  calp  dooraaso  tba  of fool  of  tba  lattar  o» 
ataal*  buteaueo  a  MttlB4  affect*  ublab  ecalrlbutaa  to  laproela^t  bast  troaafar 
when  bolilac  aarcurp  to  uaad* 
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^  gnd  K*ut»cttc  Ulov  OP  In  1955t 


At  the  Interoetinnal  Cnaferjoee  oa  Peaceful  uttlizatlon  o*  Atcolo  Energ/*  I* 
Tsuprutt  aiil  M.  !•  Tarjtln*  re:ported  on  a  atu4y  of  the  effeot  of  liquid  lead* 
biaaaith,  aed  their  eutoolle  alloy  on  atainlesa  ehrooitia-nickel  ateel  ^3^  • 

The  interoctiou  betvren  IKhlfiN^T  ateel  and  theae  liquid  metala  was  studied 
at  500®  and  The  chesal eompoaition  of  this  cttcl  la  weight  perci.-.t  isi 
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ih-olosged  beating  of  steel  In  an  argon  atmosphere  up  to  a  tcoperaturs  of 
300^  did  uOt  cause  significant  cbm^ges  in  the  mechanical  proportles  or  structure 
of  th:  metal.  As  a  result  of  prolonged  soaking  at  oOO^.  the  relctlve  elongation 
of  thi.  steel  decreased  by  133C  and  the  tensile  strengtn  increased  slightly.  The 
grain  size  and  hardness  of  the  steel  did  not  change. 

In  a  oedium  of  liquid  lead,  bismuth,  snd  their  eutectic  alloy  at  temperatures 
of  •  600®C  a  deterioration  In  the  scchr!nlc«*l  properties  cT  IKhlSh^T  steel  (a 
decrease  in  reletire  elongation  and  tensile  strength)  was  noted.  The  effect  of 
the  leed-hicsTuth  eutectic  on  this  steel  causes  'leaching*  of  the  iu.ckel  through 
selectlTS  iissolutlcs  of  the  surface  layer.  The  structure  cf  the  steel  changes 
from  a'ustenltlc  to  mesretle. 

Tile  aulbullity  of  uiekel  in  load  at  327®C  Is  approx ^ly  0.2S,  while  its 
solubility  in  bissiutb  at  60C®C  reaches  (>%,  Iron  is  practically  insoluble  la 
either  leaa  or  bissutt.  The  solubility  of  chromium  It,  is  Ut,  while  Ita 

solubility  in  biaautb  is  insignificant.  Adding  0.1>0*3X  calcium  or  barium  to  the 
leed-Liaxuth  eutectic  creating  an  oxide  film  on  the  alloy  surface  cuts  the  r<ggrea> 
j.-c  action  of  the  allcsy  or.  utccl  opprozimately  in  bslr. 


/ 


iddiotf  0.7X  aic>:«l  to  th«  l««d«biM<utb  alloy  rrducas  ccrrosioo  ot  too  steal 
.  t  '|00>60C'C  to  orwi-hni;  c;-  oovlhint  witoouv  ebeo>(ltt^  the  tensile  strength* 
vhiiij  the  reletlT*  eloEijBtioa  docrooaes  nstllKlhly  (."j  or  fijJ)*  Thus  nieksl  is  s 
good  inhibitor  sad  denr«eu.e  the  aggressi*-*  aott^n  of  tbr  lead-bisiouth  slloy  oo 
t; 'p-e  l^-G  stainless  steel  ot  t<.aip:>iatures  of  50O-60C%.  At  temperatures  up  to 
5C*0®C  this  steel  may  bo  effected  by  prolcngei  Kctloc  of  tuo  lead-bismuth  alloy 
even  without  an  iobibltor* 


'The  first  atteupta  to  make  the  above-mcnt leased  equipraent  is  the  U3SH  for 
liquid  aecela  were  c.nducted  ir  1957-19^0  at  tht  Cciitrel  Scientific  Boseoreb 
Il:;*titcte  fci'  Boilers  siil  Tcxblues  flS J 

A  single* £**’,^6  centrifugal  jcertuiY  pump  vlth  f  vr-rtlcal  shaft  was  d  signed 
and  manufeotured*  This  pump  was  intended  for  o  mercury  out^tit  of  70  v^/hr  at  s 
pressure  of  7  kg/cr^  and  a  tcii:per*iturc  of  2‘O-JOO^C,  A  unique  and  reliable  st^ft 
packir.g  was  used  in  the  pump*  which  prsvetted  leekcge  of  r:ercury  in’o  the  outer 
medivsD*  The  mercury  Is  fed  into  tbs  annulsr  space  between  the  cleere  of  the 
shaft  and  tbo  shaft  itaclf  from  a  presstire  pipe  and  1;  precooled  in  a  contact 
condenser.  Passing  through  the  onnulcx  ctolcd-cff  space,  the  mercury  returns 
tbreugh  the  thryllle  vaiTe  to  the  suction  pipe. 

The  beerlrg  of  the  aka  ft  is  cooled  by  a  water  Jacket.  Cool  water  from  the 
Jacket  flows  into  the  hollow  around  the  pump  shoft  and  condenses  the  mercury 
vep-jT,  ii*  it  skrniid  -c-nctrote  from  the  sealed  opece.  The  pump  has  operated  for 
many  thousands  of  bcura,  and  at  this  tiine  is  still  in  good  woiking  order. 

This  principle  of  ccnstructlon  Is  also  ussd  in  pumps  for  transferring  other 
liquid  swtels* 

Clax^dless  stut-eff  Telfes  for  mercury  and  or.-rcury  rapor  were  manufsetured. 
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